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THE  EMSCHER  SEWERAGE  DISTRICT  AND  THE  IMHOFF 

TANK. 


By    Charles    Saville,  *    Member    of    the    Boston    Society    of    Civil 

Engineers. 


[Presented  to  the  Sanitary  Section,  December  28,  19 10.] 

The  writer  has  recently  had  the  good  fortune  to  travel  in 
Germany,  England  and  France  in  company  with  Dr.  Rudolph 
Hering,  of  New  York,  and  Prof.  Frederick  Bass,  of  the  State 
Board  of  Health  of  Minnesota,  and  to  visit  many  interesting 
plants  for  the  purification  of  both  sewage  and  drinking  water. 
In  the  present  paper  I  will  first  mention  a  few  of  the  more  im- 
portant things  we  noted  during  the  trip,  and  then  describe  the 
work  I  have  been  engaged  in  during  the  past  four  months  in  the 
vicinity  of  Essen,  Germany,  where  some  interesting  methods  of 
sewage  treatment  for  preventing  the  pollution  of  streams  are 
now  in  use.  Articles  describing  this  work  have  been  published 
in  the  Engineering  News  f  and  the  Engineering  Record.%  Those 
who  are  interested  in  looking  into  the  matter  further  can  find 
considerable  data  there,  some  of  which  I  shall  not  attempt  to 
duplicate  in  the  present  paper. 

In  regard  to  water  purification,  one  of  the  most  noticeable 
things  which  came  to  our  attention  in  Germany  was  the  use  of 
chemicals  in  connection  with  slow  sand  filters.    The  water  filters 

*  Emschergenossenschaft,  Essen,  Germany. 
t  December  1,  1910. 
1  December  10,  1910. 
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both  in  Bremen  and  Hamburg  did  not  always  give  good  results 
at  times  when  the  river  water  contained  much  fine  clay.  Even 
at  Bremen,  where  they  have  double  filtration,  this  fine  silt,  as 
well  as  bacteria,  sometimes  passed  through  the  filters.  The  use 
of  alum  in  connection  with  these  filters  makes  possible  much 
better  results,  and  the  people  are  thoroughly  satisfied  with  the 
treatment.  In  Germany  they  are  also  beginning  to  talk  a  little 
about  the  treatment  of  water  with  hypochlorite  of  lime.  I  know 
of  no  plants  in  operation,  but  some  experiments  are  being  made 
on  a  large  scale  in  the  vicinity  of  Essen.  Perhaps  in  the  near 
future  we  shall  have  some  data  showing  whether  this  method  of 
treatment  is  as  applicable  to  German  conditions  as  to  those 
here  in  America. 

We  heard  quite  a  little  about  the  purification  of  water 
through  the  help  of  the  so-called  "  ultra-violet  rays."  This 
treatment  is  being  experimented  with  at  the  Royal  Testing 
Station  in  Berlin,  and  quite  a  little  work  of  the  same  nature  has 
been  done  in  the  vicinity  of  Paris.  At  the  present  time  one  can 
say  very  little  about  it.  It  is  still  in  the  experimental  stage. 
Considerable  is  claimed  for  the  treatment,  however,  much  the 
same  as  with  ozone.  It  may  prove  too  expensive,  and  at  the 
present  time  the  certainty  of  the  destruction  of  bacteria  by 
"  the  rays  "  is  not  absolute.  I  do  not  know  of  any  plants  that 
are  being  operated  on  a  practical  scale.  The  ozone  treatment,  of 
course,  is  still  being  used  to  a  certain  extent,  but  one  or  two  of 
the  best  plants,  which  have  had  a  good  deal  said  about  them  in 
former  years,  have  gone  out  of  commission,  owing,  I  think, 
to  a  combination  of  high  cost  of  operation  and  rather  unsatis- 
factory results. 

At  Madgeburg,  Germany,  there  is  an  interesting  system  of 
water  filtration,  spoken  of  as  the  Puech  system,  where  water  is 
filtered  through  five  sets  of  coarse-gravel  filters,  then  through 
what  are  called  rapid  sand  filters,  —  ordinary  sand  filters  oper- 
ated at  a  very  high  rate,  —  and  finally  through  slow  sand  filters 
similar  to  those  at  Lawrence.  The  final  effluent  is  exceptionally 
clear  as  a  result  of  all  this  filtration,  but  the  operating  expenses  are 
said  to  be  high.  There  are  one  or  two  other  similar  plants  operat- 
ing in  Germany 

In  the  realm  of  sewage  purification,  one  of  the  newest 
things  being  experimented  with  is  the  treatment  of  sewage  sludge 
by  centrifugal  machines.  There  is  now  a  good  plant  operating 
at  Hanover,  and  another  at  Harburg.  We  saw  the  former,  but  not 
the  latter.     The   centrifugal   machines  at   Hanover  produce    a 
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comparatively  dry,  but  somewhat  odorous,  sludge.  One  of  the 
weakest  points  about  the  treatment,  however,  is  the  fact  that 
the  liquid  separated  from  the  sludge  during  its  treatment  in  the 
centrifugal  machines  is  objectionable  in  character,  and,  if  turned 
back  into  the  settling  tanks,  is  likely  to  bring  about  a  septiciza- 
tion  of  the  sewage.  At  Hanover  the  result  was  so  objectionable 
that  they  were  at  one  time  forced  to  turn  this  liquid  directly  into 
the  river.  The  treatment  is,  of  course,  expensive.  It  is  being 
used  at  Frankfort,  where  they  plan  to  burn  the  dry  sludge  in 
the  city  refuse  incinerator. 

It  is  well  known  that  large  sewage  screening  plants  are  quite 
common  in  Germany.  There  is  one  at  Dresden  which  has  but  re- 
cently been  completed.  It  represents  an  extremely  large  outlay. 
Many  of  the  German  screens,  particularly  the  one  at  Hamburg, 
do  good  work  in  removing  the  larger  suspended  solids,  i.  e., 
everything  that  would  tend  to  float.  But  some  of  the  screens,  as 
now  operated,  do  not  strain  out  the  finer  suspended  solids, 
particularly  if  *u  ^  is  a  head  of  water  on  the  screen.  We  noticed 
in  places  that  a  c^.isiderable  portion  of  the  finer  material  always 
went  through  the  screen.  In  certain  cases  this  may  not  be 
particularly  important,  if  the  sewage  goes  directly  into  a  large 
body  of  water,  as  at  Hamburg. 

The  tre  nent  of  sewage  by  chemical  precipitation  is  still 
being  used  in  many  places.  There  are  two  or  three  large  plants 
in  Germany,  and  in  England  a  very  large  new  plant  has  been 
started  recently  in  the  city  of  Leeds.  This  is,  perhaps,  worthy  of 
note,  when  we  stop  to  think  that  in  the  United  States  the  general 
tendency  has  been  away  from  —  rather  than  in  favor  of  —  treat- 
ment with  chemicals.  At  Salford,  we  found  that  the  use  of 
chemicals  in  the  settling  tanks  led  to  the  formation  of  deposits 
in  the  percolating  filters,  causing  much  trouble. 

People  are  everywhere  losing  interest  in  the  "  septic  "  tank, 
due  principally  to  two  things :  First,  because  the  effluent  usually 
contains  a  considerable  quantity  of  fine  suspended  matter, 
resulting  from  the  stirring  action  of  the  gas  in  the  deposited 
sludge;  second,  because  the  sewage  in  passing  through  the  tank 
becomes  septic  as  a  result  of  its  contact  with  the  sludge  and  with 
the  gases  given  off  during  decomposition.  Most  of  the  engineers 
with  whom  we  spoke  were  in  favor  of  keeping  sewage  as  fresh  as 
possible  previous  to  its  final  treatment  on  biological  filters. 

At  Hanley,  England,  where  the  sewage  is  treated  in  septic 
tanks  and  subsequently  purified  on  percolating  filters,  a  very  good 
effluent  is  obtained,   due  partly,  perhaps,  to  the  fact   that  the 
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sewage  contains  certain  ingredients  which  act  as  precipitants 
and  throw  out  in  the  tanks  a  large  proportion  of  the  organic 
matter.  Six  or  seven  cities  and  towns  in  this  vicinity  have  united 
to  handle  their  sewage  disposal  problems  together,  and  employ 
an  engineer  to  take^ charge  of  that  work.  This  is  another  indica- 
tion that  such  questions  can  sometimes  be  handled  more  economi- 
cally when  a  number  of  municipalities  located  in  the  same 
drainage  area  work  together  under  the  direction  of  an  experienced 
engineer. 

Much  has  been  said  of  the  hydrolytic  tank  operated  in 
Hampton.  It  will  be  remembered  that  the  tank  has  two  principal 
features.  One  is  the  automatic  removal  of  the  deposited  solids 
from  the  portion  of  the  tank  which  has  the  sewage  flowing  through 
it.  The  other  is  the  presence  of  so-called  "  colloiders  "  in  the 
sedimentation  chamber.  The  sewage  coming  in  contact  with 
these  colloiders  is  supposed  to  leave  on  them  a  certain  part  of 
the  organic  matter  carried  in  solution.  I  visited  the  plant  at 
Norwich  which  is  built  on  this  principle.  So  far  as  could  be  seen 
from  a  single  visit,  the  colloiders  evidently  remove  from  the 
sewage  more  of  the  organic  matter  than  would  settle  out  naturally 
of  itself.  But  the  colloiders,  instead  of  being  self-cleansing, 
retain  much  of  the  material  removed  from  the  sewage.  As  a 
result,  the  sewage  which  was  passing  between  the  colloiders  and 
coming  in  contact  with  this  deposited  matter  became  septic. 
The  effluent  of  the  tank  contained  much  suspended  matter  and 
was  quite  foul. 

The  Emschergenossenschaft. 

The  most  interesting  subject  we  found  in  Germany  was  the 
commission  (located  in  the  vicinity  of  Essen)  spoken  of  as  the 
Emschergenossenschaft.  The  word  "  Genossenschaft "  means 
federation,  —  a  federation  of  the  cities  and  towns,  the  coal 
mines,  the  steel  and  other  industries,  and  the  farming  interests 
in  the  valley  of  the  Emscher  River.  This  river  is  a  small  tribu- 
tary of  the  Rhine.  The  population  included  within  the  drainage 
area  is  approximately  2  000  000.  The  largest  city  is  Essen,  with 
300  000  inhabitants.  There  are  also  a  number  of  cities  having  a 
population  of  more  than  50  000,  besides  many  smaller  places. 
In  this  district,  which  embraces  about  300  square  miles,  there 
are  also  more  than  200  coal  mines  as  well  as  a  great  many  steel 
and  iron  works. 

The  coal  mines  extend  very  deep  beneath  the  surface,  but, 
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as  a  result  of  poor  bracing,  and  from  other  causes,  there  is  in 
many  parts  of  the  district  a  gradual  settling  of  the  ground,  which 
interferes  with  the  drainage  facilities.  The  rivers  and  streams 
have  for  many  years  been  seriously  polluted  by  wastes  from  the 
coal  mines  and  from  the  steel  and  iron  works,  as  well  as  from  the 
cities  and  towns.  The  conditions  gradually  became  very  ob- 
jectionable; but  the  individual  municipalities  did  not  take  the 
necessary  steps  to  check  or  stop  the  pollution.  Finally  the  people 
in  the  lower  reaches  of  the  valley  went  to  the  Prussian  govern- 
ment and  obtained  a  special  act  providing  for  the  formation  of 
this  commission,  or  Genossenschaft,  so  called. 

It  has  about  one  hundred  members,  the  steel  works,  the 
coal  mines  and  farming  interests  being  represented,  as  well  as  the 
cities  and  towns.  There  are  also  a  certain  number  of  representa- 
tives of  the  Prussian  government.  The  first  work  of  the  Genos- 
senschaft was  to  make  a  careful  survey  of  the  entire  valley, 
then  to  design,  construct  and  operate  such  works  as  should  be 
necessary  to  dispose  of  the  sewage  and  to  provide  and  maintain 
proper  drainage  throughout  the  valley. 

It  was  formed  in  1904  and  started  work  shortly  afterward. 
At  the  present  time  a  large  amount  of  work  has  been  accomplished. 
The  organization  is  particularly  interesting,  because  its  powers 
are  not  what  might  be  called  advisory.  The  Genossenschaft 
actually  does  the  work.  It  makes  the  surveys  and  designs  the 
sewerage  systems.  It  designs  the  new  channels  for  the  streams, 
also  the  sewage  purification  works.  And  then  it  builds  all  these 
works  —  or,  rather,  the  work  is  done  by  contractors,  but  the 
Genossenschaft  has  full  supervision  over  it.  After  the  works  are 
completed  it  has  full  charge  of  their  operation.  This  refers  to  the 
main  sewers  common  to  more  than  one  city  or  town,  to  the  purifi- 
cation works,  and  to  the  tributaries  and  the  main  channel  of  the 
Emscher  River.  In  addition,  the  Genossenschaft  decides  who 
shall  pay  for  the  work.  It  is  empowered  to  borrow  money  and 
to  assess  the  cost  of  construction  and  maintenance  on  the  cities 
and  towns  and  on  the  other  interests  in  the  valley. 

In  assessing  these  costs,  the  main  considerations  are,  first, 
who  is  responsible  for  the  objectionable  conditions  which  must 
be  improved,  and,  second,  who  will  benefit  the  most  from  the 
proposed  changes.  If  the  interested  parties  are  not  satisfied  with 
the  division  of  the  expenses,  there  is  a  special  committee  of  the 
Genossenschaft  to  which  they  can  appeal.  This  committee 
includes  representatives  from  the  Prussian  government.  The 
committee  makes  the  final  decision  from  which  there  is  no  appeal. 
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It  works  out  very  nicely  in  practice,  and,  as  already  mentioned, 
the  Genossenschaft  has  been  in  existence  now  for  six  years. 

There  are  five  departments,  three  of  which  have  charge 
of  the  "  regulation  "  of  the  main  stream  and  its  principal  tribu- 
taries. The  fourth  department  designs  and  supervises  the 
construction  of  all  bridges.  The  fifth  department  builds  and 
operates  the  sewers  and  sewage-disposal  works. 

For  the  last  four  months  it  has  been  my  good  fortune  to  be 
connected  with  the  sewerage  department,  of  which  Dr.  Imhoff 
is  the  chief. 

In  connection  with  the  work  of  this  department,  there  are 
two  things  of  special  interest  to  be  spoken  of.  The  first  is  the 
question  of  sewage  disposal  by  "dilution,"  as  it  is  being  worked 
out  in  this  district.  The  second  is  the  special  type  of  sewage- 
clarification  tank  which  has  been  developed  and  perfected 
under  Dr.  Imhoff's  supervision. 

Sewage  Disposal  by  Dilution  in  the    Emscher  District. 

There  will  eventually  be  more  than  fifty  sewage  purification 
plants  in  the  drainage  area  of  the  Emscher  River.  At  the 
present  time  only  seven  are  in  operation.  The  oldest  has  been 
running  about  four  years.  Of  these  seven  only  two  include  treat- 
ment other  than  the  clarification  of  the  sewage.  Two  small 
towns  situated  at  the  head  of  poorly  regulated  streams  are  pro- 
vided with  so-called  biological  or  percolating  filters  in  addition 
to  the  tanks  which  remove  most  of  the  suspended  solids  from  the 
sewage. 

The  results  (with  respect  to  the  pollution  of  the  streams) 
would  perhaps  be  rather  questionable  if  the  clarified  sewage  were 


Fig.   1.     Cross  Section  through  Typical  Open  Canal. 
(Dimensions  in  meters.) 
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to  be  discharged  into  water  courses  which  were  not  properly 
regulated.  But  the  engineers  of  the  Genossenschaft  have  recog- 
nized the  fact  that  the  "  dilution  "  is  not  so  important  as  the 
condition  of  the  streams  receiving  the  sewage  discharge,  and  are 
therefore  providing  for  improvements  of  many  of  the  tributaries 
of  the  Emscher  as  well  as  the  main  river  itself.  A  cross  section 
of  the  channel  used  for  most  of  the  smaller  streams  is  shown  in 
Fig.  I.  The  channels  are  built  with  good  grades  and  smooth 
surfaces.  They  are  lined  with  concrete  blocks.  Sewage,  after 
entering  the  channels,  will  have  a  rapid  flow  all  the  way  to  the 
Rhine.  The  Rhine  is,  of  course,  a  very  large  stream,  and 
although  it  contains  much  dirt  and  receives  a  great  deal  of  pollu- 
tion, it  is  not  objectionable  at  the  present  time  even  in  very  dry 
weather. 

The  engineers  of  the  Emschergenossenschaft  believe  that  if 
the  coarser  suspended  matters  are  removed  from  the  sewage, 
and  if  the  channels  are  properly  regulated,  there  will  be  no 
nuisance.  It  is  a  little  hard  to  say  now  whether  this  will  prove 
to  be  the  case.  The  work  will  probably  be  completed  in  19 14  or 
191 5.  Then  will  be  a  good  time  to  decide  whether  "disposal 
by  dilution,"  as  it  is  being  worked  out  in  this  district,  will  be 
successful  or  not.  They  believe  in  it  very  strongly  at  Essen,' 
and  it  certainly  looks  as  if  the  results  would  be  satisfactory.  I 
have  seen  many  of  the  smaller  streams,  which  are  practically 
unpurified  sewage.  The  water  flows  in  the  smooth  channels 
with  a  good  velocity  and  there  is  no  obje  tionable  odor  or  deposit, 
even  though  much  of  the  sewage  as  it  enters  the  streams  from 
the  cities  and  towns  is  quite  septic,  due  to  the  general  use  of 
cesspools.  It  might  be  of  interest  to  mention  that  the  minimum 
mean  velocity  of  average  flow  in  the  smaller  streams  is  figured 
at  about  2.3  ft.  per  second.  These  open  channels  are  used  for 
many  of  the  main  sewers  outside  the  thickly  settled  portions  of 
the  cities  and  do  not  give  rise  to  objectionable  conditions. 

The  annual  rainfall  in  the  vicinity  of  Essen  is  about  thirty 
inches,  distributed  evenly  throughout  the  year.  And  perhaps 
the  variation  in  the  volume  of  water  flowing  in  the  streams  is 
not  so  great,  or  the  dry-weather  flow  so  small,  as  we  find  in  many 
parts  of  America.  Under  present  conditions  the  minimum  aver- 
age flow  in  the  Emscher  for  any  one  month  is  approximately 
190  cu.  ft.  per  second,  about  one  third  of  which  consists  of  sewage 
and  trades  wastes  from  a  population  of  1  500  000.  The  remainder 
is  made  up  of  coal-mine  drainage,  together  with  small  amounts  of 
ground  water.      At  the  present  time  less  than   thirty  per  cent. 


A  Tributary  of  the  Emscher  River  after  Regulation. 


A  Tributary  Similar  to  the  Above  before  Regulation. 
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of   the    sewage   is    clarified    before    being    discharged    into   the 
streams. 

The  Imhoff  Sewage  Clarification  Tank. 

The  clarification  tank  adopted  for  treating  sewage  in  the 
Emscher  district  has  been  generally  referred  to  in  this  country  as 
the  Emscher  or  Imhoff  tank.  It  was  perfected  by  Dr.  Karl 
Imhoff,  chief  of  the  sewerage  department  of  the  Emschergenos- 
senschaft.  So  much  has  been  said  about  the  tank  of  late  that 
some  people  already  appear  to  think  too  much  is  claimed  for  it. 
This  is  perhaps  unfortunate,  and  it  may  be  well  to  emphasize 
the  fact  that  the  tank  is  in  no  sens 2  a  complete  method  of  sewage 
purification. 

Engineers  are  familiar  with  the  popular  fallacy  that  so-called 
"septic  tanks"  render  sewage  pure.  The  Imhoff  tank  —  like 
the  septic  tank  or  other  sewage-treatmen :  tanks  —  does  not 
render  sewage  "  pure."  It  has  to  do  principally  with  but  two 
steps  in  the  process  of  sewage  purification,  —  first,  clarification 
of  the  sewage ;  second,  treatment  of  the  sludge. 

A  large  part  of  the  more  objectionable  impurities  in  sewage 
is  carried  by  the  water  in  suspension.  The  dissolved  organic 
matter  can  usually  be  more  readily  purified  after  the  suspended 
solids  have  been  removed.  It  is,  therefore,  desirable  to  separate 
this  suspended  matter  completely  from  the  sewage  and  dispose 
of  it  separately.  After  removal  from  the  sewage  it  is  referred 
to  as  "  sludge."  The  clarified  sewage  may,  under  certain  con- 
ditions, be  discharged  directly  into  natural  water-courses.  If 
necessary  it  can  be  further  purified  by  filtration.  In  either 
event  the  separated  sludge  should  be  disposed  of  in  such  a 
manner  (1)  that  it  shall  not  again  come  in  contact  with  the 
clarified  sewage,  and  (2)  so  that  no  nuisance  shall  be  produced. 

The  best  method  of  effecting  this  separation  of  the  sewage 
and  the  sludge,  with  suitable  provision  for  a  satisfactory  treat- 
ment of  the  latter,  has  for  a  number  of  years  been  carefully 
studied  by  engineers  and  chemists;  but  without  entire  success. 
Separate  sludge-decomposing  tanks  were  tried  at  Lawrence, 
and  more  recently  a  sewage-treatment  tank  has  been  operated 
on  a  larger  scale  in  Hampton,  England,  whLh  provides  an  auto- 
matic removal  of  the  deposited  sludge  into  another  department 
of  the  tank  for  subsequent  decomposition.  The  Imhoff  tank  is 
a  development  of  this  Hampton  (or  Travis)  tank.  It  is  shown 
in  its  simplest  form  in  Fig.  2. 

The  sewage  passes  through  the  sedimentation  chamber  (.4) 
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Fig.  2.  Fig.  3. 
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in  a  direction  perpendicular  to  the  plane  of  the  drawing.  The 
suspended  solids  gradually  settle  out  and  slide  down  the  sloping 
bottoms  (g),  finally  passing  through  the  openings  (or  "slots") 
(d)  into  the  sludge-decomposing  chamber  (B).  The  sludge 
remains  in   this  chamber  until  its  putrescible  organic  matter  is. 
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thoroughly  decomposed,  being  then  removed  from  the  bottom 
through  the  pipe  (c).  The  suspended  matter  which  settles  out 
of  the  sewage  is  thus  removed  automatically  and  completely. 
The  gases  of  decomposition,  which  are  largely  inodorous,  escape 
at  (/).  These  gases,  as  well  as  the  rising  particles  resulting  from 
the  decomposition  of  the  sludge,  cannot  come  in  contact  with  the 
flowing  sewage  because  the  bottoms  (g)  of  the  sedimentation 
chamber  are  so  overlapped  at  the  slots  that  this  is  impossible. 
These  slots  form  the  only  connection  between  the  sedimentation 
chamber  and  the  sludge-decomposing  chamber.  There  is  no 
outlet  to  the  latter  (except  through  the  sludge  pipe)  and  no 
flow  of  sewage  into  or  through  it.*  The  sewage  stands  at  the 
same  level  in  both  chambers.  As  a  result  of  its  passage  through 
the  sedimentation  chamber  the  sewage  becomes  well  clarified 
and  at  the  same  time  remains  fresh.  The  sludge,  on  account  of 
its  low  water  content  and  the  decomposition  of  much  of  its 
organic  matter,  is  comparatively  small  in  amount,  dries  quickly 
and  is  unobjectionable. 

This,  in  brief,  is  the  theory  of  the  working  of  the  tank. 
Its  advantages  over  an  ordinary  so-called  septic  tank  are  easily 
appreciated.  In  the  latter  the  flowing  sewage  is  in  contact  with 
the  gases  and  suspended  particles  rising  from  the  decomposing 
sludge  on  the  bottom  of  the  tank,  the  result  being  that  the 
effluent  is  septic,  it  is  more  liable  to  have  a  disagreeable  odor, 
and  often  contains  much  fine  suspended  matter.  These  char- 
acteristics usually  make  subsequent  purification  more  difficult. 
On  the  other  hand,  the  sludge  removed  from  a  "  septic  tank  " 
may,  in  some  instances,  be  practically  as  satisfactory  as  that 
taken  out  of  Imhoff  tanks  provided  all  of  the  putrescible  organic 
matter  has  been  completely  decomposed. 

Imhoff  tanks  were  first  used  on  a  practical  scale  at  Reckling- 
hausen, Germany,  a  city  of  30  000  inhabitants  situated  near  the 
source  of  a  small  tributary  of  the  Emscher  River.  This  plant 
has  been  in  operation  four  years.  The  Emschergenossenschaft 
has  now  7  other  similar  installations,  serving  altogether  a  popu- 
lation of  250  000,  while  as  many  more  are  in  process  of  construc- 
tion. Within  another  four  or  five  years  the  sewage  from  most  of 
the  2  000  000  people  in  the  valley  of  the  Emscher  River  will  be 

*  In  the  Travis  tank  as  operated  at  Hampton  there  is  an  outlet  to  the 
sludge  chamber  which  is  so  arranged  that  about  one  fifth  of  the  total  flow  of 
sewage  entering  the  sedimentation  chamber  passes  down  through  the  slots 
and  through  the  sludge  chamber  —  where  it  becomes  septic  —  to  the  effluent 
channel. 
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treated  in  these  tanks.  The  tanks  are  also  being  used  in  many 
other  parts  of  Germany.  In  most  cases,  however,  they  have  only 
recently  been  placed  in  operation.  In  the  United  States  a  large 
installation  is  now  being  built  at  Atlanta,  Ga.,  and  smaller  plants 
are  proposed  for  a  number  of  other  cities. 

In  1908  the  operation  of  the  tanks  in  the  Emscher  district 
was  studied  by  Dr.  Rudolph  Hering,  of  New  York,  who  visited 
a  number  of  the  works  during  the  summer.  Being  favorably 
impressed  with  the  results  thus  far  obtained,  he  shortly  afterward 
recommended  the  installation  of  an  experimental  tank  at  Phila- 
delphia. Mr.  H.  W.  Clark,  of  Lawrence,  was  also  in  Europe  in 
1908,  and  on  his  return  to  America  referred  to  the  Imhoff  tank 
in  a  paper  read  before  the  Boston  Society  of  Civil  Engineers  on 
October  7.  The  results  obtained  with  the  Philadelphia  tank  were 
so  satisfactory  that  it  was  decided  to  build  similar  tanks  on  a 
large  scale  as  a  part  of  the  proposed  disposal  works  at  Torresdale 
on  the  outskirts  of  the  city.  This  plant  is  now  in  process  of 
construction.  It  is  described  in  the  Engineering  Record  of 
January  14,  191 1.  Meanwhile  a  second  experimental  tank  had 
been  started  in  Chicago  at  the  testing  station  of  the  Sanitary 
District,  and  the  reports  from  the  German  installations  con- 
tinued to  be  so  good  that  Dr.  Hering  determined  to  visit  them 
again.  He  was  accompanied  this  time  by  Professor  Bass,  of  the 
University  of  Minnesota,  and  myself.  We  examined  many  of  the 
more  important  sewage  disposal  works  on  the  continent  and  in 
England,  but  found  nothing  that  aroused  our  interest  to  the  same 
extent  as  the  sewage  clarification  tanks  built  and  operated  by  the 
Emschergenossenschaft.  Dr.  Hering  was  even  more  pleased 
with  the  results  being  obtained  than  had  been  the  case  two  years 
previous.  Both  Professor  Bass  and  myself  were  very  favorably 
impressed.  A  single  examination  of  two  or  three  plants,  however, 
is  at  best  somewhat  unsatisfactory  so  I  was  glad  to  have  the  op- 
portunity of  remaining  in  Essen  and  studying  the  matter  thor- 
oughly at  first  hand. 

My  work  during  the  past  four  or  five  months  has  brought 
me  closely  in  touch  with  all  the  sewage-disposal  works  in  the 
Emscher  district.  I  have  had  something  to  do  with  the  design 
and  construction  of  new  installations,  and  have  been  able  to 
watch  the  operation  of  the  older  plants  under  various  conditions. 
It  has  thus  been  possible  to  learn  much  about  the  tanks  —  their 
weak  points  as  well  as  their  good  points  —  and  their  applicability 
to  our  conditions  here.  With  the  experience  thus  far  available, 
it  would  seem  safe  to  predict  that  this  style  of  tank,  when  properly 


Horizontal  Flow  Tanks  (during  Construction). 

The  sedimentation  chamber  consists  of  two  V-shaped  troughs  as  in  Fig.  6.     Shafts  for  scum 

and  rising  gases  are  shown  above  the  center  of  each  sludge  well. 
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Radial  Flow  Tank  (during  Construction). 
The  circular  baffle  is  hung  from  two  I-beams.     See  Figures  4  and  5. 
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designed  with  due  respect  to  local  conditions  and  when  intelli- 
gently operated,  will  be  found  very  effective  in  America  as  a 
means  of  clarifying  sewage  and  providing  a  satisfactory  treatment 
for  the  deposited  sludge. 

Design  and  Construction. 

Although  the  principles  on  which  these  tanks  are  based 
are  simple  and  easily  understood,  the  tanks  should  be  carefully 
designed.  This  becomes  specially  important  when  it  is  remem- 
bered that  sewage-disposal  works  are  often  sadly  neglected  or 
operated  by  persons  having  no  proper  training. 

The  tanks  are  usually  built  as  deep  circular  wells  twenty- 
five  to  thirty  feet  in  diameter  and  20-25  feet  deep.  A  deep 
tank  is  likely  to  give  better  sludge  because  more  gas  is  developed 
per  square  foot  of  horizontal  cross-section  than  in  shallow  tanks. 
This  gives  a  better  stirring  action  to  the  decomposing  sludge. 
And  the  sludge  after  decomposition  is  permeated  with  small  gas 
bubbles  held  there  (so  long  as  the  sludge  remains  in  the  tank) 
by  the  pressure  of  the  water  above.  With  deep  tanks  there  is  a 
more  uniform  temperature  in  the  sludge-decomposing  room,  and 
it  might  be  mentioned  here  that  as  large  a  proportion  as  possible 
of  the  total  depth  of  the  tank  should  be  below  the  slots.  These 
slots  —  in  deep  tanks  —  are  comparatively  short  with  respect 
to  the  total  volume  of  the  tank  and  there  is  practically  no 
tendency  for  currents  to  develop  between  the  sedimentation  and 
sludge-decomposing  chambers.  The  circular  form  has  been 
adopted  because  with  deep  tanks  it  is  cheaper  to  build,  especially 
if  there  is  much  ground  water  or  quicksand. 

The  sedimentation  chamber  may  be  arranged  for  a  hori- 
zontal flow  as  shown  in  Figs.  2  and  3,  where  the  flow  is  at  right 
angles  to  the  plane  of  the  drawing,  or  for  a  radial  flow  —  Figs. 
4  and  5  —  where  the  conditions  of  flow  are  somewhat  similar  to 
those  in  a  so-called  Dortmund  tank.  With  horizontal-flow  tanks 
the  sedimentation  chamber  may  be  continuous  over  two  or  three 
sludge  wells,  and  in  such  cases  the  inlet  and  outlet  weirs  are  so 
arranged  that  the  flow  can  be  periodically  reversed.  This  gives 
a  sludge  of  uniform  character  in  each  of  the  wells.  The  horizontal- 
flow  sedimentation  chamber  is  perhaps  best  for  large  plants  or 
where  there  are  large  variations  in  the  quantity  of  sewage,  such 
as  we  find  in  many  American  cities.  In  radial  flow  tanks  the 
velocity  with  which  the  sewage  passes  through  the  sedimentation 
chamber  is  an  important  factor  in  the  sedimentation  of  the  sus- 
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pended  matters.  In  the  portion  of  the  chamber  where  the  flow 
(after  passing  under  the  baffle)  is  vertically  upwards  the  velocity 
should  be  less  than  I  millimeter  per  second. 

In  each  of  the  sketches  (Figs.  2,  3,  4  and  5)  the  cross-hatched 
portions  of  the  tank  "A"  represent  the  sedimentation  chamber. 
The  rest  of  the  tank  is  devoted  to  sludge  decomposition.  It  will 
be  noticed  that  in  Figs.  2  and  3  the  sludge-decomposing  chamber 
extends  up  on  both  sides  of  the  sedimentation  chamber.  In 
the  radial  flow  tanks  (Figs.  4  and  5)  the  upper  part  of  the  sludge 
chamber  is  an  annular  space  in  the  center  of  the  sedimentation 
chamber.  In  both  cases  the  upper  part  of  the  sludge-decomposing 
chamber  (shown  at  / )  serves  as  an  outlet  for  the  rising  gases  and 
provides  space  for  floating  sludge  particles  which  have  been 
stirred  up  and  have  risen  under  the  action  of  the  gases.  Scum- 
pipes,  shown  at  (e),  are  sometimes  provided  for  removing  floating 
sludge  if  this  becomes  necessary.  Certain  kinds  of  sludge  have  a 
tendency  at  times  to  float,  and  the  space  (/)  above  the  slots 
should  be  large  enough  to  prevent  its  overflowing  into  the  sedi- 
mentation chamber  or  working  back  into  this  chamber  from 
below  through  the  slots.  This  consideration  may  not  be  found 
important  with  weak  sewages ;  but  in  general  it  is  well  to  err  on 
the  side  of  having  too  much  space  for  the  floating  sludge  (or 
scum)  instead  of  too  little.  In  the  plants  of  the  Emschergenos- 
senschaft  the  portion  of  the  sludge-decomposing  chamber 
located  above  the  slots  is  one  half  to  two  thirds  as  large  as  the 
portion  below  the  slots.  To  have  nothing  but  small  ventilation 
pipes  for  the  gases  is  not  likely  to  be  sufficient. 

The  relative  size  of  the  sedimentation  and  sludge-decompos- 
ing chambers  depends  on  the  character  and  strength  of  the  sewage 
as  well  as  the  quantity  to  be  treated.  The  former  is  usually 
designed  to  give  a  period  of  sedimentation  for  the  dry-weather 
flow  of  from  one  to  two  hours — seldom  as  long  as  three  hours, 
even  with  a  weak  sewage.  At  times  of  storm  the  tanks  treat 
three  or  four  times  the  dry-weather  flow.  The  portion  of  the 
sludge-decomposing  chamber  below  the  slots  should  be  large 
enough  to  provide  a  decomposing  time  of  at  least  two  or  three 
months.  It  is  usually  designed  to  hold  an  accumulation  of  sludge 
(in  a  thoroughly  decomposed  condition)  representing  deposits 
entering  from  the  sedimentation  chamber  during  a  period  of  six 
months  or  more.  The  volume  of  the  sludge  (after  decomposition) 
has  been  found  in  the  Emscher  district  to  be  about  0.1  liter  per 
head  of  population  connected  with  the  tanks  per  day.  This 
figure  refers  to  a  "  separate  "  system  of  sewers  which  does  not 
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receive  exceptionally  large  amounts  of  trades  wastes.  With  a 
combined  system  of  sewers  the  quantity  of  sludge  per  capita  is 
figured  at  double  the  above  amount.  With  a  dilute  sewage 
having  large  variations  in  flow  and  a  comparatively  small 
amount  of  sludge  the  tanks  would  be  designed  somewhat  as 
shown  in  Fig.  3,  or,  for  radial  flow,  in  Fig.  5.  But  for  a  strong 
sewage  containing  much  suspended  matter,  as  is  the  case  in 
many  German  cities,  the  tanks  would  be  built  as  shown  in  Figs. 
2  or  4.  The  depth  of  the  tanks  is  the  same,  whether  the  sewage 
be  strong  or  weak ;  but  as  is  evident  from  the  figures,  the  sludge- 
decomposing  chamber  must  form  a  larger  per  cent,  of  the  entire 
tank  when  the  sewage  to  be  treated  contains  much  suspended 
matter  than  is  the  case  if  the  sewage  is  comparatively  dilute. 
A  large  sludge  chamber  has  the  important  advantage  that  the 
decomposed  sludge  may  be  allowed  to  accumulate  in  it  until  the 
weather  is  most  favorable  for  drawing  out  and  drying  the 
sludge. 

The  slots  between  the  sedimentation  and  the  sludge- 
decomposing  chambers  are  6  to  8  in.  wide.  The  sides  and  bottoms 
of  the  sedimentation  chamber  must  be  smooth  so  that  the  de- 
posited sludge  will  slip  easily  towards  the  slots.  They  should  be 
air-tight  so  that  the  gases  of  decomposition  cannot  work  through 
them  into  the  flowing  sewage.  They  ought  also  to  be  strongly 
built  so  as  not  to  warp  or  crack.  Both  wood  and  concrete  have 
been  used,  the  slope  of  the  bottoms  being  1.5:  1.  Iron  and  zinc 
are  likely  to  be  attacked  by  the  gases  and  sewage  in  the  sludge- 
decomposing  room  and  have  proved  unsatisfactory.  There  must 
be  sufficient  overlap  at  the  slots  to  prevent  all  possibility  of  gas 
bubbles  and  sludge  particles  rising  from  the  sludge  room  into  the 
sedimentation  chamber. 

The  inner  surfaces  of  the  sludge  chamber  are  made  smooth, 
and  the  main  walls  of  the  tank  are  built  with  a  slight  batter  (the 
diameter  of  the  tank  being  greatest  at  the  bottom)  so  that  there 
will  be  as  little  opportunity  as  possible  for  sludge  to  stick  to 
them.  The  sludge  pipe  shown  at  (c)  in  Figs.  2  to  5  should  be 
about  8  in.  in  diameter.  It  has  a  bell  mouth  at  the  lower  end,  and 
is  elevated  a  foot  or  more  above  the  bottom  of  the  tank,  which  is 
built  as  an  inverted  cone  with  a  smooth  surface  sloping  towards 
the  center.  Small  perforated  water  pipes  are  placed  around  the 
bottom  of  the  well  and  near  the  mouth  of  the  sludge-pipe,  so 
that  if  necessary  the  sludge  may  be  loosened  by  forcing  water 
under  pressure  into  it.  A  connection  with  the  water  mains  is 
also  provided  at  the  upper  end  of  the  sludge-pipe.     It  has  been 
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found  that  with  a  tank  25  or  30  ft.  deep  a  head  of  3  to  4  ft.  is 
necessary  to  force  the  sludge  easily  out  through  an  8-in.  pipe. 

The  sedimentation  chamber  should  be  kept  as  free  as  possible 
from  pipes,  braces,  etc.,  which  might  collect  and  hold  small 
amounts  of  sludge,  thus  making  the  sewage  septic.  Necessary 
pipes  and  horizontal  surfaces  must  be  pointed  up  with  cement  so 
that  the  suspended  matters  as  they  settle  will  slip  readily  off  and 
pass  down  through  the  slots  into  the  sludge  room.  Baffle-boards 
in  the  sedimentation  chamber  are  necessary  to  prevent  floating 
matters  passing  out  with  the  effluent,  and  when  properly  designed 
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will  so  guide  the  flow  of  the  sewage  as  to  make  effective  the  entire 
chamber.  They  should  not  be  carried  too  deep,  however,  because 
the  quiescent  sewage  just  above  the  slots  will  then  be  disturbed 
by  the  current. 

Although  the  circular  type  of  tank  has  been  used  almost 
exclusively  in  Germany,  it  is  perfectly  feasible  to  build  rec- 
tangular tanks.  In  some  instances  old  rectangular  tanks,  after 
being  operated  for  a  number  of  years  as  septic  tanks,  have  been 
remodeled  according  to  the  Imhoff  idea  simply  by  the  installa- 
tion of  the  necessary  division  walls.  The  sedimentation  chamber 
of  such  a  tank  may  be  arranged  in  two  parts  (A  and  A')  as  shown 
in  Fig.  6,  which  is  a  cross-section  at  right  angles  to  the  sewage 
flow.  With  an  arrangement  of  this  sort  there  is  space  (/") 
for  a  gas  outlet  and  for  accumulations  of  floating  scum,  in  the 
center  as  well  as  at  the  sides  (/  and  /').  The  important  thing  to 
consider  here  is  that  the  space  (/")  must  not  extend  the  entire 
length  of  the  tank.  It  is  essential  that  the  two  sections  of  the 
sedimentation  chamber  (^4and^4')  shall  be  connected  (preferably 
at  both  ends).  Otherwise  an  uneven  distribution  of  the  flow 
between  them  could  give  rise  to  currents  through  the  sludge- 
decomposing  room  (B)  from  one  row  of  slots  (d)  to  the  other  {df). 

OrERATION. 

The  sewage-disposal  plants  operated  by  the  Emschergenos- 
senschaft  serve  populations  varying*  between  2  000,  for  which  a 
single  clarification  tank  is  sufficient,  to  150  000,  requiring  eighteen 
tanks.  The  various  disposal  works  have  recently  been  described 
in  detail  by  H.  Blunk,  operating  engineer,  and  Dr.  Spillner, 
chemist,  of  the  Genossenschaft,  ip  the  Technisches  Gemeindeblatt 
for  January  and  February,  191 1. 

At  some  of  the  plants  the  sewage  is  purely  domestic  and 
contains  little  surface  water,  as  the  sewers  are  built  on  the 
separate  system.  In  the  larger  cities  the  combined  system  is  used 
and  the  sewage  contains  trades  wastes  including  some  coal-mine 
drainage  which  has  already  been  treated  by  sedimentation  for 
the  removal  of  the  coal  sludge.  There  is  a  certain  amount  of 
sulphur  in  this  mine  drainage.  The  trades  wastes  are  of  various 
sorts;  but  come  principally  from  gas  works  and  iron  works.  In 
only  one  or  two  instances,  however,  are  there  large  amounts  of 
iron  in  the  sewage.  At  one  plant  the  sewage  usually  contains 
considerable  oil  and  grease.  Small  amounts  of  tar  are  also  present 
at  times.    During  wet  weather  the  sewage  from  some  of  the  cities 
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contains  fine  clay  washed  into  the  sewers  from  the  streets.  In 
most  places  there  are  still  numerous  cesspools  through  which  the 
sewage  from  the  houses  flows  before  entering  the  sewers.  A  part 
of  the  faecal  matters  is  thus  retained  (to  be  spread  on  the  land) 
and  the  sewage  becomes  septic.  The  sewage  is  more  or  less 
aerated  during  its  rapid  flow  in  open  canals  to  the  disposal  works ; 
but  on  occasions  contains  appreciable  amounts  of  H2S  (5  to  10 
parts  in  1  000  000)  in  solution  at  the  time  it  enters  the  clarifica- 
tion plants.  Its  temperature  varies  from  50  degrees  to  65  degrees 
fahr.,  seldom  being  less  than  55  degrees  fahr.  (even  with  an  air 
temperature  of  15  degrees  fahr.)  in  spite  of  the  fact  that  the  main 
sewers  are  uncovered.  The  minimum  temperature  of  any  sewage 
thus  far  recorded  is  44  degrees,  which  occurred  immediately  after 
a  snowstorm.  On  the  whole  it  may  be  said  that  the  various  sew- 
ages now  being  treated  are  fully  as  strong  as  those  from  most 
German  cities  where  the  sewage  contains  very  few  trades  wastes. 
The  per  capita  flow  in  the  Emscher  district  is  perhaps  greater  than 
in  other  parts  of  Germany.  It  varies  from  16  to  200  gal.  in 
twenty-four  hours.  At  some  of  the  works  the  daily  and  hourly 
variations  in  flow  are  considerable. 

At  all  of  the  plants  the  sewage  is  screened,  and  in  some 
instances  passes  through  grit  chambers  before  entering  the 
tanks.  The  screens  consist  of  slanting  iron  bars  laid  at  an  angle 
of  30  degrees  or  less  with  the  horizontal,  the  spaces  between 
the  bars  being  2\  in.  Very  little  is  retained  by  these  screens 
except  large  objects  such  as  tin  cans,  bottles,  etc.,  which  would 
cause  trouble  in  the  tanks  by  clogging  the  slots  (connecting  the 
sedimentation  and  sludge-decomposing  chambers)  or  the  sludge 
pipe.  Grit  chambers  are  used  only  in  cases  where  the  sewage 
contains  considerable  sand  (from  the  streets)  which  would  rapidly 
fill  up  the  sludge  chambers  in  the  tanks  and  interfere  with  the 
process  of  decomposition.  The  grit  chambers  are  built  in  dupli- 
cate in  the  form  of  long,  narrow,  shallow  basins,  with  their 
floors  15  to  18  in.  below  the  invert  of  the  sewer.  They  are  so 
designed  that  the  velocity  of  the  sewage  flowing  through  them  in 
dry  weather  shall  be  more  than  1  ft.  per  second.  Under  these 
conditions  nothing  but  clean  sand  is  deposited.  On  the  bottoms 
of  the  basins  are  tile  drains  covered  by  cinders.  Every  two  or 
three  days,  or  when  the  surface  of  the  deposited  sand  has  risen 
to  the  level  of  the  inlet,  the  flow  is  diverted  to  the  idle  basin, 
most  of  the  water  above  the  sand  is  drawn  off,  and  the  gate  at 
the  outlet  of  the  drains  opened.  The  remaining  water  drains 
quickly  out  through  the  sand,  which  can  then  be  easily  removed 
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with  a  shovel.  It  is  inodorous  and  is  used  as  surfacing  for  the 
sludge-drying  beds.  The  screens  and  grit  chambers  are  so  built 
and  operated  that  no  putrescible  organic  matter  is  retained  by 
them  but  is  carried  along  in  the  sewage  to  the  tanks. 

Clarification  of  the  Sewage. 

The  length  of  time  taken  by  the  sewage  at  the  various  plants 
in  passing  through  the  sedimentation  chamber  varies  from  thirty 
minutes  to  if  hours.  For  dry- weather  flow  it  averages  about 
three  quarters  of  an  hour.  The  hourly  and  daily  variations  are 
large ;  but  the  removal  of  total  suspended  solids  from  the  sewage 
(through  sedimentation)  is  remarkably  uniform,  —  being  from 
65  to  75  per  cent.  Tanks  of  this  type  have  the  advantage  that 
the  deposited  sludge  cannot  be  disturbed  during  storm  flows  by 
the  increased  velocity  of  the  sewage  passing  through  them.  With 
horizontal  flow  tanks  the  velocity  of  flow  in  the  sedimentation 
chambers  is  usually  greater  than  5  mm.  per  second ;  but  less  than 
1  mm.  per  second  in  radial  flow  tanks.  With  a  weak  sewage  it 
was  found  desirable  in  one  case  to  keep  the  velocity  (in  a  radial 
flow  tank)  as  low  as  one  third  of  a  millimeter  per  second.  With  a 
settling  period  of  three  quarters  of  an  hour  more  than  95  per  cent, 
of  the  "  capable-of-settling  "  suspended  solids  are  removed.  The 
term  "capable-of-settling"  refers  to  the  portion  of  the  sus- 
pended matters  in  the  sewage  which  will  settle  out  in  a  measuring 
glass  when  allowed  to  stand  quiescent  for  two  hours.*  Three 
quarters  of  an  hour  is  not  a  sufficient  settling  time  if  the  sewage 
contains  fine  coal  dust  or  clay. 

Under  ordinary  conditions  no  regular  scum  collects  on  the 
surface  of  the  sewage  in  the  sedimentation  chamber.  Faecal 
matters  and  other  organic  substances  settle  to  the  bottom  and 
pass  down  into  the  sludge  room.  Grease,  oil,  matches,  corks, 
etc.,  which  collect  behind  the  baffle-board,  are  skimmed  off  at 
intervals  of  ten  days  or  so  and  burned.  Organic  growths  which 
sometimes  develop  on  the  inlet  and  outlet  weirs  should  also  be 
removed. 

Although  the  bottoms  of  the  sedimentation  chamber  are 
smooth  and  slope  steeply  towards  the  slots,  small  amounts  of 
sludge  will  sometimes  stick  to  them.  It  therefore  becomes  de- 
sirable to  scrape  the  bottoms  clean  at  intervals  of  ten  days  to 

*  See  "  Operating  Control  of  Sedimentation  Plants,"  by  Imhoff,  Engi- 
neering Record,  September  3,  1910. 
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two  weeks.  The  cleaning  is  easily  done  with  a  rubber  straight 
edge  fixed  to  the  end  of  a  pole;  but  there  should  be  no  flow  of 
sewage  through  the  tank  during  the  process  or  for  half  an  hour- 
afterwards  so  that  any  sludge  particles  which  have  been  stirred 
up  will  settle  again  quickly  instead  of  being  carried  out  of  the 
tank  in  the  effluent. 

Except  for  the  removal  of  suspended  solids  the  character  of 
the  sewage  is  practically  unchanged  as  a  result  of  passing  through 
the  tank.  If  the  sewage  is  fresh  when  it  enters  the  sedimentation 
chamber  the  effluent  will  likewise  be  fresh;  if,  on  the  other  hand, 
H2S  is  present  in  the  sewage  as  it  reaches  the  disposal  works,  the 
effluent  of  the  tanks  is  likely  to  have  a  slight  odor.  It  is  inter- 
esting to  note,  however,  that  the  quantity  of  H2S  in  the  effluent 
has  been  found  by  numerous  analyses  to  be  always  smaller  than 
in  the  inflowing  sewage.  This  gas  is  never  found  in  the  effluent 
if  there  is  none  in  the  sewage  as  it  enters  the  sedimentation 
chamber.  Theoretically,  a  small  amount  of  sewage  from  the 
sludge-decomposing  chamber  should  rise  into  the  sedimentation 
chamber  for  every  particle  of  sludge  that  passes  down  through 
the  slots.  This  consideration  has  not  been  found,  however,  to- 
be  of  practical  importance.  It  is  something  like  dropping  a  fish 
into  a  pond,  —  the  water  level  in  the  pond  is  not  raised  very 
much.  It  is  also  true  that  after  the  "  ripening-time  "  of  the 
sludge  chamber  (during  which  the  processes  of  decomposition 
are  starting  up)  there  appears  to  be  no  tendency,  even  in  winter, 
for  the  colder  sewage  flowing  through  the  sedimentation  chamber 
to  settle  and  be  replaced  by  warmer  sewage  which  might  come 
up  through  the  slots  from  the  sludge-decomposing  room.  The 
sewage  in  the  lower  chamber  is  permeated  with  fine  suspended 
matters,  and  most  of  the  organic  matter  originally  held  in  solu- 
tion has  been  completely  decomposed,  both  of  which  character- 
istics may  increase  its  specific  gravity.  Even  in  tanks  where  — • 
from  faulty  construction  or  other  causes  —  small  amounts  of 
gas  from  the  sludge-decomposing  room  find  their  way  through 
the  bottoms  of  the  sedimentation  chamber  into  the  flowing 
sewage  the  effluent  of  the  tanks  does  not  have  a  noticeable 
septic  odor. 

The  character  of  the  sewage  entering  and  leaving  the  tanks 
at  three  representative  disposal  works  is  shown  in  the  following 
table.*    The  determinations  are  given  in  parts  per  million  and  are 

*  Taken  from  "  Betriebsergebnisse  aus  mechanischen  Klaranlagen  der 
Emschergenossenschaft"  by  Dr.-Ing.  Spillner  and  Blunk,  Technisckes 
Cemeindeblatt,  191 1. 
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averages  of  the  analyses  of  many  samples  collected  on  various 
days  of  the  week  during  the  six  hours  that  the  sewage  is  strongest. 
The  sewages  are  alkaline.  It  will  be  noticed  that  the  total  sus- 
pended solids  average  about  440  parts  per  million  for  the  three 
plants.  Average  figures  for  the  sewages  treated  at  Clinton, 
Gardner,  Hopedale  and  Worcester,  Mass.,  during  the  year  1909 
are  267,  274,  344  and  400  parts  per  million,  respectively,  of  total 
suspended  solids. 

Parts  per  Million. 


Recklinghausen. 


Sewage.       Effluent. 


Bochum. 


Sewage.        Effluent. 


Essen,  N.W. 


Sewage.        Effluent. 


(1)  Total  solids.  . . 

(2)  In  suspension  . 

(3)  In  solution. .  .  . 

(4)  Total  organic 
solids 

(5)  In  suspension. 

(6)  In  solution.  .  .  . 

(7)  Total  mineral 
solids 

(8)  In  suspension. 

(9)  In  solution.  .  .  . 

(10)  Total  Kjeldahl 
nitrogen  (filtered 
sample) 

(n)  Nitrogen  i  n 
free  ammonia 
(filtered  sample) 

(12)  Organic  n  i- 
trogen  (filtered 
sample) .... 


1387-1 

1032.8 

466.6 

127-5 

920.5 

905-3 

488.9 

284.7 

259-3 

73-5 

229.6 

211. 2 

898.2 

748.1 

207.3 

54-o 

690.9 

694.1 

34-4 

3i-8 

23-9 

23-3 

10.5 

8-5 

2556.7 

402.0 

2154-7 

435-7 
186.9 

248.8 

2121.0 

215-1 
1905.9 


2031.5 

93-3 
1938.2 

293.8 

56.4 

237-4 

1737-7 

36.9 

1700.8 


28.98!        26.04 


20.86 


8.12 


18.06 


7.98 


2774.6 

449.8 
2324.8 

678.0 
261.6 
416.4 

2096.6 

188.2 

1908.4 


2454-2 

135-4 

2318.8 

417.8 

85.6 

332-2 

2036.4 

49-8 
1986.6 


48.52         44.87 


37.66         35.92 


8-95 


Note  :  — 

(1),  (4),  (7)  and  (12)  are  not  actually  determined  by  chemical  analysis. 

(1)  =2+3. 

(4)   =  S  +  6- 

(7)   =8+0. 

(12)   =  10— [11  +  "  nitrates  and  nitrites  "  (when  present)]. 


Treatment  of  the  Sludge. 

The  actions  taking  place  in  the  sludge-decomposing  chamber 
of  one  of-  these  tanks  have  already  been  described  in  detail  in  the 
Engineering  Record  of  December  10,  19 10.  As  soon  as  the  tank 
is  placed  in  operation  sludge  particles  begin  to  enter  the  decom- 
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posing  chamber  through  the  slots  (d)  (Figs.  2  to  5).  This  process 
is  continuous  and  automatic  unless  the  flow  of  sewage  through  the 
tank  is  interrupted.  The  sludge  accumulates  on  the  bottom  of 
the  decomposing  chamber,  where,  as  a  result  of  the  decomposition 
of  the  organic  matter,  gas  is  formed  in  considerable  quantities. 
Numerous  analyses  have  shown  the  gases  to  consist  almost  en- 
tirely of  marsh  gas  (CH4)  and  carbon  dioxide  (C02),  both  of 
which  are  practically  inodorous.  The  rising  gases  exert  a  stirring 
action  on  the  sludge  which  is  favorable  to  rapid  and  complete 
decomposition  of  the  putrescible  organic  matter.  Most  of  them 
escape  into  the  air  at  (/)  (see  Figs.  2  to  5) ;  but  as  a  result  of  the 
head  of  water  on  the  sludge  many  fine  bubbles  remain  imprisoned 
in  it. 

No  sludge  is  removed  until  its  surface  has  risen  to  a  point 
18  to  20  in.  below  the  slots,  the  exact  position  of  the  surface 
being  determined  at  intervals  of  ten  days  by  means  of  a  flat, 
weighted  board  lowered  through  the  openings  (X)  on  the  end  of 
a  string.  The  time  required  for  the  sludge  chamber  to  fill  up  in 
this  way  depends:  (1)  on  the  amount  of  sludge  entering  through 
the  slots,  (2)  on  the  quantity  of  non-putrescible  substance  in  the 
sludge,  (3)  on  the  rapidity  and  completeness  of  the  decomposition 
of  the  organic  matter,  and  (4)  on  the  size  of  the  chamber.  It  is 
spoken  of  as  the  "  ripening  time  "  because  during  this  period  the 
biological  organisms,  which  play  so  important  a  part  in  the  sludge 
decomposition,  are  developing  and  helping  to  produce  the 
environment  most  suited  to  their  activities.  The  decomposition 
of  the  sludge  is  said  not  to  be  so  rapid  or  complete  during  the 
ripening  time  as  in  the  second  year  of  operation.  With  many 
sewages  the  time  required  for  complete  decomposition  of  the 
putrescible  organic  matter  in  the  sludge  is  not  likely  to  be  much 
greater  than  two  months.  In  some  of  the  plants  of  the  Emscher- 
genossenschaft  the  sludge-decomposing  chambers  (below  the 
slots)  are  only  large  enough  so  that  sludge  may  accumulate  in 
them  during  a  period  of  three  months  before  withdrawal;  but 
in  the  smaller  installations  where  it  would  be  inconvenient  to 
provide  for  frequent  withdrawals  the  sludge  chamber  has  a 
storage  capacity  for  twelve  to  fifteen  months. 

When  the  surface  of  the  deposited  sludge  has  risen  to  the 
desired  point,  a  small  amount  is  withdrawn  from  the  bottom 
through  the  pipe  (c)  simply  by  opening  the  valve  at  the  outlet.  It 
is  forced  out  by  the  head  of  water  in  the  tank.  After  withdrawal, 
the  sludge  flows  in  open  (or  closed)  conduits  to  the  sludge-drying 
beds,  or  enters  a  collecting  well,  from  which  it  is  forced  through  a 
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pipe  to  the  beds  by  a  low  set  force  pump.  It  is  inadvisable  to 
use  a  suction  pump  as  the  gas  bubbles  are  thereby  separated 
from  the  sludge.  When  sludge  is  being  withdrawn  from  the 
decomposing  chamber  some  fresh  sewage  from  the  sedimentation 
chamber  must  of  necessity  enter  through  the  slots.  The  amount, 
however,  is  comparatively  small.  The  frequency  with  which 
sludge  is  withdrawn  from  the  tanks  depends  on  local  conditions 
and  the  storage  capacity  of  the  decomposing  chamber.  The 
intervals  between  withdrawals  may  vary  from  two  weeks  to  six 
months.  Under  ordinary  circumstances  it  is  better  to  remove 
small  amounts  at  frequent  intervals,  a  considerable  depth  of 
sludge  in  the  chamber  being  favorable  to  decomposition.  This 
is  specially  important  if  the  portion  of  the  sludge  chamber  below 
the  slots  is  not  deep.  On  the  other  hand,  it  is  sometimes  desirable 
to  draw  down  the  sludge  level  as  much  as  possible  at  the  end  of 
the  summer  so  that  it  will  not  be  necessary  to  remove  sludge 
during  cold,  freezing  weather.  In  no  case,  however,  should  all 
the  sludge  be  withdrawn,  because  it  then  becomes  necessary  for 
the  decomposing  chamber  to  pass  once  more  through  the  ripening 
time.  Furthermore,  the  flow  of  sewage  through  the  sedimenta- 
tion chamber  should  not  be  stopped  for  long  periods  because  the 
entrance  of  fresh  sludge  into  the  decomposing  chamber  is  thus 
interrupted  and  the  processes  of  decomposition  checked.  It 
would  also  be  a  mistake  to  lower  the  water  level  in  the  tank. 
This  relieves  the  pressure  on  the  deposited  sludge  and  will  allow 
the  fine  gas  bubbles  in  the  decomposed  sludge  to  escape.  When 
the  tank  is  then  refilled  the  sludge  becomes  packed  more  firmly 
together  on  the  bottom.  It  is  not  so  easy  to  remove  through  the 
pipe  nor  will  it  dry  so  quickly  on  the  sludging-drying  beds  (as 
will  be  explained  later).  If  it  becomes  necessary  to  draw  out  a 
large  part  of  the  sewage  for  the  purpose  of  making  repairs  in  the 
tank,  most  of  the  thoroughly  decomposed  sludge  on  the  bottom 
should  first  be  withdrawn.  The  upper  layers  of  the  sludge 
deposit  may  remain,  because  when  the  tank  is  filled  again  with 
sewage  and  placed  in  operation  gases  will  be  developed  as  a 
result  of  the  decomposition  of  the  organic  matter. 

During  withdrawal,  the  sludge  should  not  be  allowed  to 
flow  out  too  rapidly  through  the  pipe;  because  if  the  well- 
decomposed  sludge  on  the  bottom  of  the  sludge  chamber  does  not 
move  readily  towards  the  outlet,  the  water  pressure  from  above 
may  force  some  of  the  fresher  overlying  sludge  down  through  the 
lower  layers  into  the  pipe.  This  can  best  be  prevented  by  throt- 
tling the  gate  at  the  outlet  of  the  sludge  pipe,  and  by  using  the 
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perforated  water  pipe  on  the  bottom  of  the  chamber  for  loosening 
the  sludge  just  previous  to  and  during  withdrawal.  Under 
certain  conditions  the  sludge  pipe  may  become  clogged.  Troubles 
of  this  sort  have  been  experienced  when  the  decomposed  sludge 
has  remained  for  long  periods  in  the  tank,  and  will  be  likely  to 
happen  if  small  amounts  of  tar  have  become  mixed  with  sand  in 
the  sludge  chamber.  The  sludge  pipe  can  usually  be  freed  of  the 
clogging  material  by  turning  water  under  pressure  into  it  either 
from  above  or  from  below  through  the  small  pipes  provided  for 
this  purpose,  —  described  under  "Design  and  Construction." 
After  each  withdrawal  of  sludge  the  sludge  pipe  must  be  filled  with 
water  (or  sewage)  from  the  upper  end.  If  sludge  were  allowed 
to  remain  in  the  pipe  it  might  become  badly  clogged.  Should  the 
above-mentioned  difficulties  be  experienced  where  water  under 
pressure  is  not  available,  it  would  always  be  possible  to  lower  a 
new  pipe  into  the  tank  and  pump  out  the  sludge. 

A  few  words  should  now  be  said  about  the  formation  of  scum 
in  the  upper  part  of  the  sludge-decomposing  chamber.  As  a 
result  of  the  stirring  action  of  the  gases  developed  by  the  de- 
composition of  the  organic  matter  in  the  sludge  there  is  always 
more  or  less  movement  in  the  upper  layers  of  the  sludge  deposit. 
If  the  sludge  is  particularly  sticky  or  contains  much  grease  and 
fat  the  gases  will  be  held  fast  and  masses  of  the  sludge  will 
thereby  become  so  light  that  they  rise  to  the  surface.  Much  of 
the  sludge  which  rises  in  this  manner  sinks  again  after  the  gases 
have  escaped  into  the  atmosphere ;  but  there  is  usually  more  or 
less  scum  floating  on  the  surface  of  the  sewage  in  the  spaces  (/) 
(Figs.  2  to  5).  This  scum  has  no  disagreeable  odor  and  as  a  rule 
does  not  accumulate  to  any  great  depth.  It  is  loosened  up  with  a 
rake  once  a  month  so  that  the  heavier  matters  may  sink  and  the 
gases  rising  from  the  sludge  chamber  may  escape  easily  into  the 
air.  Once  a  year  it  can  be  removed  with  a  shovel,  if  desired,  and 
allowed  to  dry  out  on  the  sludge-drying  beds.  The  movement 
of  the  sludge  in  the  decomposing  chamber  and  the  formation  of 
scum  is  usually  most  noticeable  during  the  ripening  time.  It 
may  be  controlled  to  a  considerable  extent  by  loosening  up  the 
sludge  on  the  bottom  at  regular  intervals  of  ten  days  or  so  by 
turning  water  into  it  under  pressure  through  the  small  pipes  for 
a  few  minutes.  This  allows  some  of  the  gas  to  escape  and  tends 
to  prevent  large  masses  of  sludge  from  floating.  The  scum  which 
may  form  if  the  sludge  contains  much  grease  or  fat  is  likely  to 
be  particularly  light  and  foamy.  It  might  overflow,  on  occasion, 
into  the  sedimentation  chamber  unless  drawn  off  through  the 
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outlet  (e)  on  to  the  sludge-drying  beds  or  unless  the  walls  sur- 
rounding the  spaces  (/)  are  extended  upwards  for  some  distance 
above  the  level  of  the  sewage  in  the  tank.  Such  conditions  may 
occur  once  or  twice  a  year  and  last  for  a  few  days,  but  they  can 
usually  be  prevented  entirely  by  loosening  up  the  deposited 
sludge  at  intervals  as  already  described.  Fats  and  grease  in  the 
sludge  do  not  seem  to  have  an  unfavorable  effect  on  the  rapidity 
or  completeness  of  the  decomposition. 

The  sludge  when  drawn  out  of  the  tank  is  similar  in  some 
respects  to  sludge  that  has  been  for  long  periods  in  ordinary 
septic  tanks.  After  remaining  the  necessary  time  in  the  decom- 
posing chamber  it  has  changed  materially  from  its  original  con- 
dition. It  is  a  black,  semi-liquid,  uniform,  porous  mass  having 
a  slight  odor  of  tar  or  burnt  rubber.  It  is  oily  in  appearance  like 
the  soil  sometimes  found  in  low  swampy  land.  About  one  third 
of  the  organic  matter  originally  present  in  the  sludge  has  been  con- 
verted into  gas,  the  remainder  being  non-putrescible.  The  sludge 
contains  on  an  average  only  75  per  cent,  water,  and  therefore 
occupies  much  less  space  than  when  first  deposited  (in  its  fresh 
condition)  in  the  tank.  As  a  result,  however,  of  its  gas  content 
and  the  destruction  by  decomposition  of  the  fibrous  material,  it 
flows  easily  in  channels  having  a  slope  of  1 :  40.  Its  temperature 
varies  between  55  degrees  and  63  degrees  fahr.,  and  does  not 
decrease  noticeably  in  cold  weather. 

The  sludge  is  dried  on  well  underdrained  open  beds  con- 
taining 10  to  12  in.  of  graded  slag.  The  necessary  drying  time  is 
short,  averaging  six  days  in  the  Emscher  district,  where  there  are 
many  rainy  days  at  all  seasons.  In  dry  weather  it  will 
be  spadable  at  the  end  of  three  days.  The  gas  content  of  the 
sludge  has  much  to  do  with  the  rapidity  of  drying.  When  in  the 
tank  under  25  to  30  ft.  of  water  pressure  the  small  gas  bubbles 
held  fast  in  the  sludge  become  compressed.  Part  of  them  may 
also  go  into  solution.  But  as  soon  as  the  sludge  is  drawn  out  on 
to  the  drying  beds  this  pressure  is  removed.  The  gases  expand, 
making  the  sludge  porous  and  light  enough  to  float  on  the  water, 
which  settles  out  beneath  and  passes  quickly  down  through  the 
slag  into  the  drains.  The  gases  escape  into  the  air,  however,  and 
if  the  beds  are  not  well  drained,  the  water  will  rise  to  the  top  as 
the  sludge  settles  again,  and  a  much  longer  drying  period  will 
be  found  necessary.  To  prevent  clogging  of  the  cinders  with 
sludge  particles  a  layer  of  fine  sand  (removed  from  the  grit 
chambers)  is  spread  on  the  surface  of  the  beds  before  each  appli- 
cation of  sludge.     If  the  weather  is  ver.v  cold  or  if  there  is  a 
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heavy  rain  during  the  first  twenty-four  hours  of  drying,  the 
expansion  of  the  gases  (which  makes  the  sludge  porous)  is 
interfered  with  and  the  drying  may  take  longer  than  would 
ordinarily  be  the  case.  The  volume  of  the  sludge  is  reduced 
about  40  per  cent,  during  drying,  its  water  content  then  being 
55  to  60  per  cent.  The  dried  sludge  is  less  than  10  per  cent,  of 
the  volume  of  the  fresh  sludge  as  originally  deposited  in  the 
tank,  and  in  the  Emscher  district  amounts  to  about  0.8  cu.  ft. 
per  year  per  person  connected  with  the  tanks.  As  a  result  of 
the  small  volume  of  the  sludge  and  the  rapidity  with  which  it 
dries,  the  drying  beds  may  be  very  small.  One  square  foot  of 
area  is  ordinarily  provided  for  every  three  persons,  and  it  has 
been  found  that  one  man  (the  caretaker  of  the  disposal  works) 
can  handle  the  sludge  from  30  000  people  if  the  point  of  deposit 
is  in  the  immediate  vicinity  of  the  plant.  Six  cubic  meters  of 
sludge  have  been  dried  on  one  square  meter  of  sludge-drying 
bed  in  a  year.  The  water  which  drains  out  of  the  sludge  on  the 
beds  is  sometimes  turbid,  but  otherwise  unobjectionable  and 
entirely  free  from  odor.  It  contains  only  small  amounts  of 
nitrogenous  organic  matter,  is  high  in  nitrates  and  non- 
putrescible. 

At  most  of  the  plants  operated  by  the  Emschergenossenschaft 
the  sludge  is  used  for  filling  in  low  areas,  being  shoveled  from  the 
drying  beds  into  small  cars  on  rails  and  pushed  by  hand  to  the 
dump.  It  should  not  be  removed  from  the  beds  till  thoroughly 
dried.  Otherwise  it  may  remain  soft  (though  unobjectionable) 
for  long  periods.  The  dried  sludge  is  firm,  porous  and  free  from 
disagreeable  odor  even  during  warm,  muggy  weather.  It  looks 
much  like  garden  loam,  can  be  piled  in  deep  layers  and  supports 
vegetation.  The  sludge  when  removed  from  the  drying  beds 
is  so  unobjectionable  that  the  wives  of  the  peasants  who  buy  it 
for  fertilizer  help  to  load  the  wagons. 

DISCUSSION. 

Mr.  George  W.  Fuller  (by  letter).  —  The  writer  regrets 
that  he  is  unable  to  attend  this  meeting  and  listen  to  Mr.  Saville's 
description  of  what  the  writer  regards  to  be  the  most  important 
advance  taken  during  the  past  five  years  in  the  art  of  sewage 
disposal. 

A  combination  two-story  sedimentation  and  septicization 
tank  is  unquestionably  superior  to  the  old  single-story  tank  in 
which  both  processes  take  place  in  the  same  compartment.     It 
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assures  a  fresh  or  substantially  fresh  clarified  sewage  for  applica- 
tion to  filters  or  for  dispersion  into  streams  of  sufficient  size. 
It  avoids  the  necessity  of  dealing  in  the  effluent,  at  least  at 
times,  with  objectionable  suspended  matter  lifted  by  gas  bubbles 
from  the  sludge  at  the  bottom  of  the  tanks.  It  also  eliminates  the 
awkwardness,  in  cleaning  tanks  from  time  to  time,  of  disposing  of 
liquid  and  solid  matters  of  an  organic  nature  which  have  not 
been  rotted  to  an  extent  to  insure  substantial  freedom  from 
odors. 

The  latter  point  stands  conspicuously  in  the  mind  of  the 
writer  because  with  many  fresh  sewages,  particularly  if  un- 
screened, gas  ebullition  in  the  old  single-story  septic  tank  carries 
suspended  matters  to  or  above  the  flow  line,  and  envelopes  them 
in  gas  so  that  bacterial  decomposition  does  not  take  place  until 
these  solids  are  deposited  in  sludge  beds,  where  odors  may  arise. 
The  slotted  partition  of  the  Travis  and  Imhoff  tanks,  by  promot- 
ing the  simple  and  automatic  removal  to  the  digestion  chamber 
of  the  sludge  as  it  forms,  is  a  decided  improvement,  as  compared 
with  the  single-story  tanks. 

The  separate  digestion  of  sludge  in  compartments  having 
substantially  no  connection  with  the  sedimentation  is,  of  course, 
not  wholly  new  with  the  Imhoff  tank,  as  it  was  studied  at  Law- 
rence some  ten  years  ago  or  more  and  was  recommended  by  Mr. 
Hazen  in  the  project  designed  for  Paterson,  N.  J.,  four  or  five 
years  ago.  At  first  the  writer  was  inclined  not  to  consider  it 
necessary,  but  for  reasons  above  stated  he  is  now  in  favor  of 
separate  sludge  digestion  on  the  ground  that  it  frequently  is 
very  advantageous  and  in  no  instance  is  it  likely  to  be  dis- 
advantageous. 

On  the  general  question  of  odor  production  in  tanks  of  the 
Imhoff  type,  there  seems  to  come  from  the  Emscher  district 
comparatively  little  of  a  scientific  nature  that  makes  our  under- 
standing of  the  septic  process  any  more  clear  than  it  was  some 
four  or  five  years  ago,  when  the  scientific  premises  were  outlined 
in  the  Baltimore  report  by  Messrs.  Hering,  Stearns  and  Gray,  in 
May,  1906. 

There  is  nothing  to  indicate  that  the  Emscher  tank  pro- 
motes any  especially  favorable  growths  of  bacteria  that  would 
not  occur  in  a  plain  septic  tank.  Sulphureted  hydrogen  is 
doubtless  formed  from  the  hydrolysis  of  organic  matter  in  the 
Emscher  tanks  as  well  as  in  all  other  septic  tanks.  There  are  no 
novel  features  that  the  writer  knows  of  in  relation  to  sulphureted 
hydrogen  that  are  touched  upon  in  any  of  the  evidence  from  the 
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Emscher  district.  Reference  is  here  made  in  particular  to  the 
true  sulphur  bacteria  which,  of  course,  do  not  produce  sulphureted 
hydrogen,  but,  on  the  contrary,  live  upon  sulphureted  hydrogen 
and  convert  it  to  metallic  sulphur. 

Another  group  of  bacteria  which  might  be  spoken  of  are  the 
sulphate-reducing  bacteria  which  are  capable  of  producing  sul- 
phureted hydrogen  by  the  reduction  of  the  mineral  sulphates. 
The  latter  seem  to  be  a  factor  of  importance  in  southern  California 
(Los  Angeles  and  vicinity)  and  a  number  of  other  places  (Nun- 
eaton, England),  where  the  writer  has  observed  unusual  quanti- 
ties of  sulphureted  hydrogen. 

Information  is  needed  to  indicate  whether  the  tanks  in  the 
Emscher  district  are  aided  by  the  growths  within  the  digestion 
chamber  of  bacteria  which  consume  sulphureted  hydrogen  or 
whether,  on  the  other  hand,  they  are  handicapped  to  any  ap- 
preciable extent,  if  at  all,  by  the  sulphate-reducing  bacteria 
which  have  proved  so  bothersome  at  a  few  places  elsewhere. 

In  connection  with  the  general  proposition  of  odors  from 
sewage  decomposition,  it  is  necessary  to  bear  in  mind  that  there 
are  other  compounds  than  sulphureted  hydrogen.  Among  them 
may  be  mentioned  indol,  skatol,  mercaptan,  etc.  Whether  any 
of  these  are  important  factors  in  odor  production  in  the  works  in 
the  Emscher  district  or  elsewhere  is  something  upon  which  more 
light  is  needed. 

Speaking  generally  of  the  question  of  odor  production,  it 
appears  to  be  generally  considered  that  sulphureted  hydrogen  is 
the  main  factor  to  be  kept  under  control.  Here  it  is  desired  to 
point  out  that  this  gas  is  quite  soluble  in  water;  in  fact,  one 
volume  of  water  will  hold  from  three  to  four  volumes  of  sul- 
phureted hydrogen  gas,  depending  upon  temperature  and 
pressure.  It  so  happens,  however,  that  sulphureted  hydrogen 
generally  finds  in  sewage  some  substances  of  a  chemical  nature 
with  which  to  combine,  notably  iron  salts,  which  form  precipi- 
tates such  as  ferrous  sulphide.  It  is  necessary,  therefore,  to 
consider  that  sulphureted  hydrogen  in  water,  in  order  to  rise 
into  the  atmosphere  and  produce  troublesome  odors,  must  be 
produced  in  quantities  sufficient  to  combine  chemically  with  iron 
and  other  salts  in  the  tank  and  also  to  supersaturate  the  liquid 
in  the  tank.  It  will  be  interesting  to  know  to  what  extent 
sulphureted  hydrogen  in  the  digestion  chamber  of  the  Emscher 
tank  is  precipitated. 

The  escape  of  sulphureted  hydrogen  probably  occurs  very 
rarely  in  ordinary  septic  tanks.     In  fact,  in  so  far  as  the  writer 
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knows,  no  analyses  indicate  that  sulphureted  hydrogen  has  ever 
been  found  in  the  collected  gases  in  septic  tanks.  There  is  no 
doubt,  on  the  other  hand,  that  sulphureted  hydrogen  does  escape 
into  the  atmosphere  at  some  places  on  some  occasions.  This  is 
probably  due,  in  the  opinion  of  the  writer,  to  some  concentration 
of  substances  within  the  tank  which  produce  an  amount  of  sul- 
phureted hydrogen  sufficient  to  supersaturate  a  limited  quantity 
of  the  overlying  liquid  after  the  precipitating  effect  of  iron  and 
other  salts  has  been  brought  about. 

If  the  thought  above  expressed  is  correct,  it  is  probable 
that  the  Imhoff  tank  has  advantages  in  bringing  about  a  stirring 
action  within  the  digestion  chamber  which  proves  most  helpful 
in  allowing  sulphureted  hydrogen  to  be  dispersed  through  a 
considerable  volume  of  liquid.  This  may  be  accomplished,  of 
course,  in  part  by  the  stirring  due  to  ebullition  of  gas  and  in 
part  by  stirring  which  may  be  accomplished,  if  need  be,  by  the 
application  of  water  under  pressure  through  suitably  perforated 
pipes.  The  stirring  effect  by  gas  or  water  probably  has  much  to 
do  in  explaining  the  substantial  liquefaction  of  sludge  by  pre- 
venting the  so-called  toxins  from  interfering  seriously  with 
hydrolysis  as  effected  by  enzymes.  This  probaby  means  nothing 
more  or  less  than  that  the  acids  resulting  from  hydrolysis  are 
diffused  so  as  not  to  bring  about  any  interruption  in  the  action 
of  the  enzymes  through  their  own  by-products. 

It  will  be  interesting  to  know  to  what  extent  the  character 
of  the  sludge  as  removed  from  the  digestion  chamber  is  due  to 
coagulating  effect  of  salts  of  iron. 

The  Chairman.  —  Mr.  Gage,  could  you  give  us  an  account 
of  the  work  done  at  Lawrence?  If  I  remember  correctly, 
Mr.  Clark  read  a  paper  in  1899  before  the  American  Public 
Health  Association  in  which  he  described  this  treatment,  — 
that  is,  separation  of  the  sewage  and  sludge  in  different    tanks. 

Mr.  Stephen  DeM.  Gage.  —  Mr.  Weston's  memory  is  not 
at  fault  in  his  reference  to  Mr.  Clark's  paper  before  the  American 
Public  Health  Association.  This  paper  was  read  at  the  Minne- 
apolis meeting  on  October  31,  1899,  and  in  it  Mr.  Clark  stated, 
"  I  believe  a  modification  of  the  septic  tank  could  be  constructed, 
intended  to  treat  only  the  matters  in  suspension  in  the  sewage 
and  settled  out  daily  while  passing  through  ordinary  settling- 
tanks,  flushing  this  accumulated  sludge  when  necessary  into  a 
septic  tank."  The  origin  of  this  idea  is  thus  stated  by  Mr. 
Clark  on  page  422  of  the  report  of  the  Massachusetts  State 
Board  of  Health  for  the  year  1899.     "  The  observation  that  the 
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stronger  the  sewage  entering  a  septic  tank  the  greater  is  the 
removal  of  organic  matter  suggests  the  idea  that,  where  exceed- 
ingly large  volumes  of  sewage  are  to  be  purified,  as  in  the  case  of 
the  sewage  of  a  large  city,  this  sewage  could  be  passed  through 
ordinary  settling  tanks,  so  constructed  that  the  sludge  settling 
to  the  bottom  of  these  tanks  could  be  flushed  into  a  septic  tank 
and  this  sludge  alone  be  treated  by  septic  action,  instead  of 
attempting  to  treat  the  whole  of  a  city's  sewage.  Following  up 
this  idea,  a  septic  tank  was  put  in  operation  during  November, 
1899,  to  receive  the  strong  sludge  from  settled  sewage."  This 
tank  was  a  double-deck  affair,  with  a  settling  tank  on  top  and  a 
septic  tank  for  the  sludge  below.  Sewage  was  allowed  to  settle 
for  four  hours  in  the  upper  tank,  the  supernatant  90  per  cent, 
was  then  drawn  off  and  the  remaining  10  per  cent,  containing  the 
settleable  sludge  was  allowed  to  flow  into  one  end  of  the  lower 
tank,  an  equal  volume  of  liquid  being  displaced  through  an  outlet 
at  the  opposite  end.  The  heavy  sewage  entering  the  sludge 
tank  contained  on  an  average  about  14  300  pounds  of  suspended 
matter  per  million  gallons,  or  about  seven  times  as  much  as  the 
regular.  Lawrence  sewage.  The  volume  of  this  concentrated 
sewage  entering  the  sludge  tank  daily  was  about  one  fifth  of  its 
capacity  during  the  greater  portion  of  the  time.  About  82  per 
cent,  of  the  suspended  matters  entering  the  sludge  tank  were 
deposited,  and  about  three  fourths  of  the  matters  so  deposited 
were  destroyed  within  the  tank.  The  dried  sludge  from  this 
tank  after  about  one  year  of  operation  contained  about  46  per 
cent,  of  mineral  matter  and  about  54  per  cent,  of  organic  matter. 
After  about  two  years  of  operation,  the  amount  of  sludge  held 
in  the  tank  had  accumulated  to  such  an  extent  that  it  was 
difficult  to  keep  it  in  operation,  and  it  was  evident  that  the  ca- 
pacity of  the  sludge  tank  was  too  small  to  care  for  the  amount  of 
suspended  matters  which  were  entering  it.  The  daily  admission 
of  sludge  into  the  tank  was  therefore  stopped  and  the  tank  with 
its  contents  was  allowed  to  stand  quiescent  for  a  period  of  four 
months,  during  which  time  the  volume  of  sludge  in  the  tank 
decreased  more  than  one  half.  A  second  tank  of  this  type  was 
operated  at  Lawrence  from  1904  to  1907,  but  the  concentrated 
sewage  entering  the  sludge  tank  did  not  contain  such  a  large 
proportion  of  suspended  matters  as  in  the  earlier  experiments. 
The  results  with  this  tank  were  very  similar  to  those  obtained 
with  the  earlier  tank,  so  far  as  deposition  and  destruction  of 
sludge  were  concerned,  but  as  the  tank  was  of  much  larger  ca- 
pacity in  proportion  to  the  amounts  of  suspended  matters 
entering  daily,  clogging  did  not  occur. 
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Another  septic  or  "  hydrolytic  "  tank,  started  at  Lawrence 
in  November,  1899,  was  an  upward-flow  tank  completely  filled 
with  broken  stones,  with  the  idea  of  providing  a  largely  increased 
surface  for  the  deposition  of  sludge.  I  mention  this  here,  because 
it  was  from  the  reports  of  the  operation  of  these  two  early 
Lawrence  tanks  that  Dr.  Travis  drew  his  ideas  which  he  combined 
and  developed  into  the  well-known  Travis  or  Hampton  tank. 
While  Dr.  Travis  has  freely  and  fully  acknowledged  the  source 
of  his  inspiration,  this  fact  has  been  entirely  overlooked  by  the 
majority  of  American  writers  on  the  subject  of  sewage  disposal. 

In  the  early  days  of  the  septic  tank  we  made  many  experi- 
ments to  find  out  something  about  the  destruction  of  sludge  by 
biological  action.  One  of  these,  made  in  1898,  may  illustrate 
the  changes  taking  place  in  the  sludge  in  the  Imhoff  tank.  Two 
glass  tubes  about  5  ft.  long  and  2  in.  in  diameter  were  completely 
filled  with  heavy  sludge.  One  of  these  tubes  was  sealed  and  the 
other  was  left  open,  and  both  were  placed  on  end  in  the  laboratory 
where  the  action  within  them  could  be  watched.  At  first  the 
sludge  settled  to  the  bottom,  leaving  a  layer  of  clear  supernatant 
liquid  at  the  top.  After  a  day  or  two,  evolution  of  gas  com- 
menced, and  much  movement  of  the  sludge  occurred.  This  con- 
tinued for  about  six  weeks,  and  then  stopped.  Bacterial  analyses 
of  the  sludge  at  this  time  showed  the  almost  entire  absence  of  the 
ordinary  types  of  sewage  bacteria.  Later,  however,  bacterial 
life  again  became  active  and  an  abundant  growth  of  pleurococcus 
developed,  and  the  volume  occupied  by  the  suspended  matters 
became  gradually  less  and  less.  After  about  eight  months  the 
sludge  had  shrunk  to  about  half  of  its  original  volume  and  had 
become  practically  odorless,  and  little  or  no  further  action  was 
observed. 

In  1904,  some  experiments  were  made  at  Lawrence  to  test 
the  destruction  of  paper  and  cotton  and  woolen  cloth  in  a  septic 
tank,  and  it  was  found  that  the  vegetable  fibers  were  completely 
destroyed  in  about  eight  months  or  less,  but  that  the  animal 
fibers  required  about  twice  as  long. 

Recently  we  have  had  in  operation  at  Lawrence  a  tank 
similar  to  one  of  those  Mr.  Saville  has  illustrated,  except,  of 
course,  on  a  very  much  smaller  scale.  This  tank  has  a  sludge  or 
digestion  chamber  with  a  conical  bottom,  inside  of  which  is 
suspended  a  smaller  settling  tank,  also  with  a  conical  bottom, 
with  an  opening  at  the  bottom  so  arranged  that  the  sludge  will 
flow  into  the  digestion  chamber  but  any  floating  matters  cannot 
get  back  into  the  settling  tank.    For  the  past  eighteen  months. 
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we  have  been  passing  the  fresh  sewage  from  our  station  water- 
closet  through  this  tank.  About  53  per  cent,  of  the  suspended 
matter  has  been  removed  from  the  sewage  in  its  passage  through 
the  tank.  From  a  sludge  standpoint,  the  operation  of  this  tank 
has  not  been  particularly  successful.  At  the  present  time  over 
70  per  cent,  of  the  capacity  of  the  digestion  chamber  is  filled  with 
sludge  and  floating  matter,  although  sludge  has  been  removed 
from  time  to  time  to  prevent  it  from  backing  up  into  the  settling 
chamber.  In  spite  of  the  fact  that  some  fermentation  is  going 
on  in  the  tank  as  shown  by  evolution  of  gas  and  the  presence  of  a 
crust  of  floating  matter,  the  sum  of  the  total  amount  of  solids  in 
the  tank  at  the  present  time  and  of  the  solids  in  the  sludge  which 
has  been  withdrawn  from  the  tank,  approximates  very  closely 
the  total  amount  of  suspended  matters  removed  from  the  sewage 
in  its  passage  through  the  tank.  In  other  words,  there  has  been 
little  or  no  hydrolysis  of  the  sludge  in  the  tank.  The  sludge  as 
drawn  from  the  bottom  of  this  tank  contains  about  87  per  cent, 
of  water,  has  a  consistency  of  thick  pea  soup,  is  light  yellow  in 
color,  and  of  an  extremely  offensive  odor.  This  odor  is  not 
that  of  hydrogen  sulphide,  but  is  distinct  and  penetrating,  more 
like  that  of  fresh  dysentery  stools.  On  placing  this  sludge  in  a 
jar,  it  retains  its  identity  for  days,  and  the  solids  and  water  do  not 
separate.  The  failure  of  this  tank  to  yield  satisfactory  results 
may  be  attributed  in  part  at  least  to  the  nature  of  the  entering 
sewage,  and  in  part  perhaps  to  the  fact  that  the  depth  of  the 
digestion  chamber  is  only  about  5  ft.  instead  of  the  25  or  30  ft. 
which  Mr.  Saville  states  to  be  essential. 

While  listening  to  that  part  of  Mr.  Saville's  very  interesting 
paper  in  which  he  describes  the  condition  of  the  sludge  drawn 
from  the  Imhoff  tank,  and  the  ease  with  which  the  water  may  be 
separated  from  it  by  draining  on  sludge  beds,  leaving  it  in  a 
porous,  spadable  condition,  as  he  calls  it,  it  occurred  to  me  that 
perhaps  a  mistake  has  been  made  in  the  operation  of  septic 
tanks  at  times.  We  are  all  familiar  with  the  fact  that  a  thick 
crust  of  sludge  forms  on  the  surface  of  many  septic  tanks.  Septic 
tank  sludge  is  generally  offensive,  slimy  and  difficult  to  dispose 
of,  but  this  crust  is  porous  and  could  probably  be  handled  and 
disposed  of  with  much  less  difficulty.  So  far  as  I  know,  the 
practice  has  always  been  to  allow  the  crust  to  remain,  and  to 
draw  sludge  from  the  bottom  of  the  tank  when  necessary,  but 
perhaps  a  reversal  of  this  procedure  and  the  removal  and  dis- 
posal of  the  floacing  matters  might  be  an  improvement.  Mr. 
Saville  stated   that   the   removal   of   floating:  matters   from  the 
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Imhoff  tank  is  provided  for,  and  is  practiced  at  times,  and  it 
would  seem  that  this  practice  might  also  be  applied  to  the  septic 
tank. 

Mr.  Harrison  P.  Eddy.  —  I  think  one  of  the  interesting 
features  of  this  paper  is  that  relating  to  the  practice  which 
seems  to  have  been  adopted  in  the  Essen  district  of  keeping  the 
sewage  as  fresh  as  possible.  This  is  another  instance  of  the  grow- 
ing tendency  in  that  direction  and  is  substantial  confirmation 
of  the  theory  held  by  a  number  of  sewerage  engineers  that  it  is  a 
mistake  to  allow  putrefaction  where  it  can  be  avoided  and  that 
it  should  only  in  rare  cases  be  encouraged. 

I  have  been  particularly  interested  in  the  disposal  of  the 
effluents  from  these  tanks  into  the  open  drains,  and  I  think  it 
would  be  enlightening  if  Mr.  Saville  would  tell  us  something 
about  the  natural  flow  of  the  streams  —  whether  they  are  so 
small  that  there  is  nothing  but  sewage  in  them,  or  whether  there 
is  some  water  to  assist  in  holding  them  in  a  fresh  condition,  with 
a  supply  of  oxygen,  sufficient  to  prevent  putrefaction.  Of  course, 
the  rapidity  of  flow,  which  has  been  described,  assists  materially  in 
maintaining  such  a  condition  of  equilibrium.  It  would  also  be 
of  interest  to  learn  about  the  summer  temperatures,  both  of  air 
and  the  water  flowing  in  the  streams.  Are  these  temperatures 
substantially  the  same  as  in  New  England  where  we  are  familiar 
with  local  conditions  and  the  effect  of  dilution  of  sewage  with  the 
waters  of  our  streams? 

It  seems  very  evident  from  Mr.  Saville's  discussion,  as  well 
'as  from  current  literature  upon  this  subject,  that  Dr.  Imhoff  has 
succeeded  admirably  in  designing  a  tank  which  effectually  sepa- 
rates two  of  the  desirable  functions  of  the  settling  tanks ;  namely, 
the  deposition  of  suspended  solids  and  the  concentration  and 
fermentation  of  the  sludge,  thereby  reducing  its  volume  but  with- 
out injuriously  affecting  the  character  of  the  sewage  during  its 
passage  through  the  basin.  On  the  other  hand,  however  perfect 
the  details  of  construction  may  be,  the  speaker  is  of  the  opinion 
that  success  or  failure  of  this  apparatus  must  depend  upon  the 
method  of  operation,  by  which  is  meant  the  care  with  which  the 
fermentation  of  the  sludge  is  watched  and  the  period  of  storage 
regulated.  As  has  been  clearly  pointed  out  by  Mr.  Saville,  it  is 
possible  to  allow  the  sludge  to  accumulate  to  such  an  extent  that 
the  lower  chamber  does  not  perform  its  function  as  it  should. 
It  is  quite  conceivable  that  under  conditions  such  as  have  not 
infrequently  been  found  to  exist  in  this  country,  this  tank  might 
fail  in  producing  the  result  for  which  it  is  built  because  of  in- 
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efficient  operation  by  municipal  employees  who  lack  both  interest 
in  and  knowledge  of  the  principles  involved.  The  operation  of 
this  tank  should  be  a  simple  matter  for  one  who  understands 
clearly  the  action  going  on  within  it,  and  there  is  no  apparent 
reason  why  an  intelligent  workman  cannot  be  so  instructed  that 
he  will  be  perfectly  competent  to  operate  it. 

One  good  feature  in  the  design  of  the  tank  is  the  small  area 
of  the  sewage  in  the  sludge  compartment  which  is  exposed  to  the 
air.  With  due  respect  for  Mr.  Saville's  observations,  which 
indicate  that  there  is  very  little  offensive  odor  even  close  to  the 
surface  of  the  liquid  in  sludge  reservoirs,  it  can  hardly  be  hoped 
that  some  cases  will  not  arise  in  which  offensive  gases  will  be 
generated.  In  such  cases  the  small  area  of  liquid  exposed  will 
give  this  type  of  tank  a  distinct  advantage  over  the  old  shallow, 
horizontal,  tanks  in  which  the  area  of  sewage  exposed  to  the  air  is 
very  much  larger. 

It  is  also  probable  that  the  action  of  this  tank  will  vary  ma- 
terially with  the  temperature  and  the  character  of  sewage.  Where 
the  sewage  is  cold,  the  fermentation  will  undoubtedly  go  on  at  a 
much  slower  rate  than  where  it  is  warm,  and  this  would  naturally 
require  a  longer  period  of  storage  in  the  tank. 

In  a  similar  manner  putrefaction  may  be  retarded  by  chemi- 
cals such  as  pickling  liquids,  or  tannery  wastes.  It  would  seem, 
however,  that  the  construction  of  the  tank  is  well  adapted  to  the 
fermentation  of  sludge  deposited  from  such  sewage,  because  of  the 
fact  that  the  quantity  of  the  sewage  containing  spent  chemicals, 
which  is  in  contact  with  the  sludge,  is  comparatively  small. 
When  the  tank  is  first  started  the  lower  compartment  is  filled  with 
sewage  and  the  retarding  action  due  to  the  chemicals  may  be 
effective  for  a  considerable  period  of  time.  This,  however,  will 
be  overcome  by  the  gradual  development  of  bacterial  life  in  the 
sludge,  and  after  the  fermentation  becomes  active  it  is  improbable 
that  the  character  of  the  sewage  will  interfere  materially  with 
this  action  because  the  quantity  admitted  to  the  fermentation 
chamber  will  be  so  very  small  in  comparison  with  the  quantity  of 
sludge  discharged  into  it.  If  this  theory  is  sound,  it  would  seem 
to  point  to  a  decided  advantage  in  this  type  of  construction  for 
sewage  containing  chemicals. 

While  it  is  undoubtedly  true  that  the  sludge,  filled  as  it  is 
with  gas  when  discharged  from  the  tank,  dries  with  considerable 
rapidity  upon  thoroughly  underdrained  and  well-prepared  beds, 
we  should  not  lose  sight  of  the  fact  that  sludge  from  ordinary 
sedimentation  tanks,  when  discharged  upon  similar  beds,  can  be 
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dried  without  great  delay.  Judging  from  the  description  of  the 
drying  of  the  sludge  from  the  Emscher  tank  as  given  by  Mr. 
Saville,  who  is  well  acquainted  with  the  drying  of  sludge  from 
ordinary  sedimentation  tanks,  there  appears  to  be  a  decided 
advantage  in  favor  of  the  new  tank.  It  is  a  fact,  however,  that 
in  this  country  sludge  drying  beds  have  only  in  rare  cases  been 
so  constructed  as  to  facilitate  the  very  rapid  draining  of  the 
sludge. 

Mr.  Saville.  —  Perhaps  I  can  tell  Mr.  Eddy  a  little  bit 
about  what  he  wants  to  know.  Many  of  the  smaller  streams 
and  tributaries  of  the  Emscher  River  which  receive  the  discharge 
from  the  sewage  clarification  plants  contain  practically  nothing 
but  the  sewage  that  comes  into  them.  In  other  words,  the 
dilution  is  practically  nil.  And  in  such  cases  there  is  no  nuisance, 
because  the  velocity  is  rapid  and  the  sewage,  after  once  being 
clarified,  flows  away  quickly.  Everything  is,  however,  in  a  period 
of  transition  at  the  present  time.  Only  eight  of  the  clarification 
plants  are  completed  and  only  part  of  the  streams  are  regulated. 
Five  years  from  now,  when  everything  is  finished,  will  be  the 
time  when  we  shall  be  in  a  position  to  say  whether  this  method 
of  disposal  is  satisfactory  for  the  existing  conditions.  The 
question  of  temperatures  is,  of  course,  important.  In  the  Essen 
district  they  do  not  have,  so  far  as  I  know,  any  extremely  hot 
weather,  such  as  we  have  here.  Their  annual  rainfall  is  30  in., 
which  is  less  than  ours.  It  is  distributed  very  uniformly  through- 
out the  year  and  the  variations  in  flow  in  the  streams  are  perhaps 
not  so  great  as  with  us  in  America.  The  Emscher  River  at  the 
present  time  is  in  a  bad  condition,  because  much  unclarified 
sewage  is  still  being  discharged  into  it,  and  the  complete  regula- 
tion of  the  channel  as  planned  has  not  yet  been  carried  out.  It 
is  therefore  not  possible  to  say  how  successful  the  general  scheme 
will  prove  to  be.  The  flow  of  the  river  during  dry  weather  is 
about  66  000  gal.  per  square  mile  of  watershed  per  day.  A  large 
portion  of  it  is  mine  drainage,  which  has  been  treated  in  settling 
tanks  for  the  removal  of  the  fine  coal  dust.  The  remainder 
consists  of  sewage,  and  ground  water.  It  will  certainly  be 
interesting  to  see,  when  all  the  works  are  completed,  whether 
the  combination  of  good  grades,  smooth  channels  and  rapid 
velocities  will  be  effective  in  preventing  a  nuisance  when  most  of 
the  sewage  receives  no  treatment  other  than  clarification. 

It  is  a  fact  that,  although  the  sewage  at  the  upper  end  of  an 
open  sewer  may  be  septic  and  rather  odorous,  flowing  for  a  mile  or 
a  mile  and  a  half  with  a-good  velocity  improves  its  character 
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very  much.  Many  of  the  engineers  in  Germany  believe  that  it 
is  perfectly  possible  to  keep  sewage  fresh  and  to  improve  its 
character  simply  by  providing  proper  conditions  of  flow.  It  is 
well  known  that  at  Wiesbaden  and  other  places  they  spend  money 
and  take  pride  in  building  their  sewerage  systems  as  perfect  as 
possible  —  with  smooth  surfaces  and  good  grades  —  so  that 
there  is  no  chance  for  deposits  to  occur.  Furthermore  they 
flush  their  sewers  twice  a  week,  sometimes  oftener,  and  sections 
of  the  system  are  lighted  by  electircity,  so  that  by  paying  twenty- 
five  cents  it  is  possible  to  go  through  them  in  a  boat  and  see 
everything.  Perhaps  more  money  is  spent  in  Germany  than  in 
other  countries  for  the  purpose  of  keeping  sewage  fresh  until  it 
gets  to  the  point  of  disposal. 

Prof.  Earle  B.  Phelfs.  —  I  am  quite  sure  Mr.  Saville  has 
given  us  all  a  great  deal  to  think  about  this  evening.  I  am  par- 
ticularly impressed  with  his  very  conservative  attitude  toward 
this  tank,  for  it  has  seemed  to  me  for  some  time  past  that  it  was 
unwise  to  pin  our  faith  too  strongly  to  any  such  new  device 
in  the  absence  of  more  thorough  data  under  conditions  of  Ameri- 
can practice.  We  all  recall  the  enthusiasm  that  was  aroused  in 
the  early  days  of  the  septic  tank.  Very  great  things  were  claimed 
for  it  and  those  who  knew  it  best  had  no  hesitation  in  claiming 
that  it  was  a  complete  solution  of  the  sludge  problem.  The  fact 
is,  sewage  is  a  very  diverse  product.  In  our  present  ignorance  of 
the  fundamental  chemical  and  biological  changes  that  underlie 
sewage  treatment,  one  hesitates  to  make  or  accept  any  very 
broad  generalizations.  We  have  seen  so  many  unaccountable 
things  in  the  case  of  the  septic  tank  that  I  should  not  be  at  all 
surprised  if  similar  interesting  experiences  were  in  store  for  us 
along  these  newer  lines.  Septic  tanks  as  nearly  alike  as  possible 
in  design  and  operation,  and  treating  sewages  that  so  far  as  can 
be  determined  are  pracitcally  identical,  have  given  very  diverse 
results.  Some  tanks  have  gone  for  years  without  cleaning  and 
without  serious  accumulation;  others,  notably  that  at  Plainfield, 
New  Jersey,  have  at  times  required  cleaning  at  very  frequent 
intervals  to  prevent  a  complete  clogging  of  the  entire  tank. 
Even  in  the  matter  of  odors,  septic  tanks  have  differed  markedly 
among  themselves,  and  I  anticipate  that  in  this  respect  the  Imhoff 
tank  may  not  always  act  the  same.  Reference  has  been  made, 
this  evening,  to  the  production  of  hydrogen  sulphide  in  septic 
tanks.  If  Mr.  Fuller  could  have  seen  some  of  the  septic  tanks 
that  we  operated  for  several  years  upon  Boston  sewage,  he 
would  have  a  somewhat  different  opinion  upon  the  production 
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of  this  gas  by  septic  action.  The  odors  were  not  only  distinctly 
noticeable,  but  within  a  confined  space  were  almost  sickening 
at  times.  In  this  case,  we  know  perfectly  well  that  the  sulphur 
comes  from  the  sea-water  contained  in  the  Boston  sewage. 
Similar  experiences  were  had  at  Worcester,  due  to  the  sulphate 
of  iron  present,  and  can  be  noticed  by  any  one  at  the  Columbus 
works  where  the  sulphate  occurs  normally  in  the  city  water. 
I  have  no  reason  to  believe  that  the  Imhoff  tank  or  any  other 
tank  favoring  anaerobic  fermentation  would  not  under  similar 
conditions  give  the  same  result.  Therefore,  in  this  respect  in 
particular,  we  must  be  conservative  and  not  place  tanks  of  this 
character  in  too  close  proximity  to  beautiful  dwellings  as  shown 
in  some  of  Mr.  Saville's  slides.  It  is  plainly  evident  that,  in 
these  Imhoff  tanks,  German  investigators  have  a  solution 
for  their  own  local  problem  which  far  surpasses  anything 
that  has  been  developed  in  American  or  English  practice,  and 
we  shall  all  await  with  interest  the  application  of  this  principle 
to  American  conditions.  The  general  proposition  to  maintain 
the  freshness  of  sewage  as  far  as  possible  before  treatment  upon 
filters  is  one  with  which  I  am  in  hearty  accord.  About  the  time 
that  the  Columbus  experiments  were  under  way,  Professor  Wins- 
low  and  I  concluded,  as  the  result  of  our  experiments  upon 
Boston  sewage,  that  septic  tanks  for  large  cities  were  not  only 
unnecessary  but  were  distinctly  disadvantageous.  In  the  light 
of  the  Columbus  experience,  up  to  this  time,  my  confidence  in 
this  position  is  redoubled.  I  am  more  firmly  convinced  than 
ever  that  cities  of  the  size  of  Boston,  Baltimore,  and  even  Colum- 
bus require  no  septic  tanks  or  even  preliminary  sedimentation  to 
fit  their  sewage  for  application  to  sprinkling  filters.  We  have 
demonstrated  satisfactorily  through  a  six  years'  continuous 
experiment  that  the  crude  sewage  of  Boston  can  be  run  upon 
trickling  filters  without  other  preliminary  treatment  than  is 
given  by  a  short  period  in  a  grit  chamber  and  by  screening  through 
half-inch  screens.  With  the  introduction  and  development  of 
fine-mesh  mechanical  screens,  it  is  my  belief  that  except  in  the 
case  of  comparatively  small  communities  tanks  of  all  kinds  may 
be  dispensed  with  to  great  advantage,  both  in  the  question  of 
odors  about  the  works  and  of  efficiency  of  the  filters  themselves. 
Mr.  Langdon  Pearse  {by  letter). — The  writer  wishes  to 
add  to  the  discussion  a  few  notes  taken  from  his  observations  on 
an  experimental  Emscher  tank  which  is  running  on  a  weak 
American  sewage.  The  tank  is  part  of  the  Sewage  Testing  Sta- 
tion of  the  Sanitary  District  of  Chicago,  of  which  the  writer  has 
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charge,  and  has  been  in  operation  since  May  26,  19 10.  The 
tank  is  built  of  wood  and  is  approximately  7  ft.  6  in.  inside 
diameter,  and  16  ft.  11  in.  working  depth.  The  arrangement  of 
the  baffles  and  sludge  chamber  is  shown  in  the  drawing.  The 
results  so  far  have  shown  that  the  effluent  from  a  grit  chamber 
containing  on  an  average  from  100  to  200  parts  per  million  of 
suspended  matter,  as  determined  by  the  Gooch  Crucible  Method, 
requires  at  least  two  hours'  period  for  settling,  with  an  average 
vertical  velocity  of  less  than  3!  ft.  per  hour.  The  average 
removal  during  the  month  on  the  two-hour  period  has  been  as 
high  as  55  per  cent,  reduction  of  suspended  matter  with  152  parts 
per  million  in  the  influent,  and  on  occasional  two-day  tests  a 
reduction  of  65  per  cent,  has  been  obtained,  with  the  suspended 
matter  in  the  neighborhood  of  200  parts  per  million.  The  average 
rate  of  accumulation  of  sludge  with  the  two-hour  period  has  been 
about  2  cu.  yd.  per  million  gallons,  with  a  water  content  of  about 
90  per  cent.  The  intention  is  to  lengthen  the  period  of  settling. 
The  treatment  of  the  sludge  as  yet  has  not  been  taken  up  as  the 
tank  apparently  was  just  ripening  as  freezing  weather  set  in. 
In  our  experimental  tank,  the  capacity  of  the  sludge  chamber  is 
estimated  at  one  year.  It  is  not  probable  that  this  storage  will 
be  required  in  an  actual  plant,  but  the  minimum  storage  required 
in  cold  climates  would  seem  to  be  fixed  by  the  length  of  time 
required  to  tide  over  the  winter  months,  as  in  the  cold  climates 
there  are  from  four  to  five  months  in  the  year  during  which  the 
sludge  cannot  be  handled  out  of  doors  to  any  advantage.  The 
conclusions  of  the  writer  have  been  that  from  the  standpoint  of 
mechanical  construction,  ease  in  cleaning,  freshness  of  effluent, 
lack  of  hydrogen  sulphide  odor,  and  the  treatment  of  the  sludge, 
the  Emscher  tank  seems  the  most  desirable  of  the  present  methods 
for  preparatory  treatment. 

Mr.  George  W.  Fuller  in  his  discussion  has  called  attention 
to  the  fact  that  the  separate  digestion  of  sludge  is  not  new. 
From  observations  made  of  the  sludge  tank  at  the  Sewage  Test- 
ing Station  in  Chicago,  the  writer  would  like  to  emphasize  the 
fact  that  the  separate  digestion  of  the  sludge  in  separate  tanks 
is  in  itself  not  a  solution  of  the  sludge  problem,  and  if  carried  out 
on  any  large  scale  may  prove  a  great  nuisance.  The  success  of 
the  Emscher  tank,  to  the  writer's  mind,  lies  in  having  a  separate 
compartment  for  the  digestion  of  sludge,  to  which  the  increment 
of  freshly  settled  suspended  matter  is  coming  every  moment.  If 
the  sludge  accumulation  of  a  sedimentation  basin  is  blown  out 
into  a  sludge  digestion  tank  whenever  septic  action  begins  to 
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develop,  or  even  at  more  frequent  intervals,  a  large  mass  of  par- 
tially digested  sludge  is  thoroughly  stirred  up.  Violent  gas  pro- 
duction will  ensue  in  warm  weather,  with  the  consequent  dis- 
semination of  the  settled  matter  through  the  liquid.  In  Chicago 
a  noticeable  putrid  smell  was  produced,  which  proved  to  be  the 
only  nuisance  in  the  entire  Sewage  Experimental  Station.  It  is 
quite  evident  from  our  experiments  that  the  action  is  different  in 
the  sludge  chamber  of  the  Emscher  tank,  and  in  the  sludge 
digesting  tank  as  an  appurtenance  to  a  settling  basin.  The  ques- 
tion also  comes  up  of  handling  the  excess  supernatant  liquid 
from  sludge  digesting  tanks.  If  it  is  pumped  over  into  the  sedi- 
mentation tank,  as  it  should  be  for  treatment  in  the  sprinkling 
niters,  it  would  certainly  tend  to  start  septic  action.  In  the  sum- 
mer it  is  so  foul  that  it  cannot  be  discharged  without  treatment. 

Investigations  are  now  being  made  on  the  problem  of  the 
production  of  odor  from  various  types  of  tanks,  particularly 
from  the  Emscher  tank  and  a  modified  Dortmund  tank.  The 
modified  Dortmund  tank  which  we  are  operating  at  Chicago 
is  similar  in  design  to  the  one  installed  at  the  Calf  Pasture  Testing 
Station  of  the  Massachusetts  Institute  of  Technology.  It  has 
been  running  for  over  six  months,  producing  a  large  amount  of 
hydrogen  sulphide  through  the  warm  months,  the  production 
of  gas  persisting  even  in  cold  weather.  The  odor  is  particularly 
noticeable  in  the  orifice  boxes  and  on  the  sprinkling  filter,  to 
which  the  effluent  is  applied. 

The  question  of  dissemination  of  odor  is  a  very  interesting 
one.  The  writer  does  not  wholly  agree  with  Mr.  Fuller's  ex- 
planation of  what  does  occur.  The  laboratory  results  do  not 
show  that  the  liquid  is  by  any  means  saturated  with  hydrogen 
sulphide.  It  is  possible  that  a  thin  surface  layer  may  become 
saturated,  and  so  transfer  the  odor  to  the  neighboring  atmos- 
phere. Where  the  gas  is  evolved  in  bubbles,  it  seems  to  the 
writer  very  probable  that  the  size  of  the  bubbles  should  have 
something  to  do  with  the  difficulty  of  going  into  solution.  The 
larger  the  bubbles,  the  less  the  tendency  to  dissolve.  The  depth 
of  the  tank  also  will  have  some  effect.  It  is  probable  that  the 
advantage  of  the  Emscher  tank  in  restraining  odors  is  partly 
mechanical,  in  that  the  sludge  chamber  is  far  deeper  than  the 
single  deck  septic  tank.  The  bubbles  formed  must  attain  a 
greater  internal  pressure  in  order  to  be  released  in  the  greater 
depth.  There  is  consequently  a  longer  travel  and  probably 
a  greater  tendency  to  go  into  solution,  as  well  as  a  delay  in  the 
setting  free  of  the  gas.     The  question  of  odor  from  a  tank  opens 
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up  the  question  as  to  how  it  is  possible  to  smell -any  liquid  that 
contains  odoriferous  liquid  or  solid.  The  writer  would  suggest 
that  possibly  some  chemical  physicist  can  answer  this  question 
through  the  solution  tension  of  the  gas  or  solid,  as  it  would  seem 
offhand  that  most  liquids  containing  any  gas  or  solid  can  be 
smelled  at  a  point  below  the  saturation  point. 

Dr.  Arthur  Lederer*  (by  letter).  —  In  the  discussion  of 
this  paper,  the  writer  has  been  particularly  interested  in  what  Mr. 
Fuller  had  to  say  about  the  presence  of  hydrogen  sulphide  in  the 
septic  tanks  and  the  Emscher  settling  tank.  There  has  never  been 
a  hydrogen  sulphide  odor  noted  in  the  effluent  of  any  of  the  septic 
tanks  at  the  Sewage  Testing  Station  of  the  Sanitary  District, 
not  even  during  the  hot  season,  when  the  evolution  of  gas  was 
at  its  highest.  The  writer  has  occasionally  tried  to  obtain 
a  qualitative  reaction  for  hydrogen  sulphide  in  the  effluents. 
At  times  there  was  an  indication  as  to  hydrogen  sulphide  being 
present  in  very  small  quantities.  These  observations  hold  true 
also  for  the  effluent  of  the  Emscher  tank.  However,  this  may 
not  mean  that  the  tanks  are  entirely  devoid  of  hydrogen  sul- 
phide in  all  parts.  The  supernatant  liquid  of  the  sludge  digest- 
ing chamber  of  the  Emscher  tank,  while  giving  no  hydrogen 
sulphide  odor,  gave  a  positive  reaction  for  hydrogen  sulphide. 

Since  the  process  in  the  septic  tanks  is  a  strong  reduction 
process,  it  is  only  fair  to  assume  that  the  organic  and  inorganic 
sulphur  compounds  likewise  become  reduced,  thereby  forming 
hydrogen  sulphide.  This  does  not  hold  true  to  the  same  extent 
as  it  does  with  the  nitrogenous  constituents  for  various  reasons, 
chief  among  them  is  that  the  sulphur  compounds  in  the  sewage 
are  not  apt  to  yield  as  quickly  to  hydrolytic  changes.  A  large 
part  of  the  sewage  bacteria  form  hydrogen  sulphide  in  a  special 
medium  containing  sodium  thiosulphate;  likewise  there  must  be 
species  of  bacteria  which  reduce  the  sulphates.  We  find,  for 
instance,  in  our  case,  that  a  crude  sewage  with  a  content  of  23 
p. p.m.  sulphur  in  the  form  of  mineral  sulphates  will  show  but 
1.3  p. p.m.  of  sulphur  as  sulphates  in  the  effluent  of  our  Dortmund 
tank,  which  smells  strongly  of  hydrogen  sulphide  gas.  The 
difference  in  the  sulphur  content  is  accounted  for  in  the  presence 
of  hydrogen  sulphide,  sulphides,  and  free  sulphur.  The  study 
of  these  bacteria  would  seem  of  great  interest.  Of  course  the 
iron  in  the  sewage  is  entirely  taken  up  by  the  hydrogen  sulphide, 
so  we  find  in  our  case  that  the  2.1  p. p.m.  iron  in  the  crude  sewage 
is  reduced  to  but  a  trace  in  the  effluent  of  the  Dortmund  tank. 

*  Chemist,  the  Sanitary  District  of  Chicago. 
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In  connection  with  the  large  reduction  of  mineral  sulphates  in 
this  tank,  it  is  also  interesting  that  the  sprinkling  filter  which 
receives  the  effluent  is  covered  with  a  growth  of  beggiatoa,  which 
oxidized  the  sulphide  so  that  the  sprinkling  filter  effluent  shows 
7.6  p.p.m.  sulphur  in  the  form  of  sulphates.  It  is  the  writer's 
opinion  that  provided  the  mineral  iron  in  the  crude  sewage 
sample  is  not  thrown  out  of  solution  on  standing  for  a  few  hours, 
then  the  decrease  of  soluble  iron  in  passing  through  the  tank  may 
be  taken  as  a  fair  measure  of  the  hydrogen  sulphide  evolved. 

It  does  not  take  a  great  deal  of  hydrogen  sulphide  to  cause 
a  perceptible  odor.  Rough  laboratory  tests  have  shown  that 
about  2  p.p.m.  in  solution  free  from  other  odors  can  be  easily 
detected.  The  hydrogen  sulphide  may  be  present,  however, 
without  causing  an  odor,  as  is  the  case  in  the  supernatant  fluid 
of  the  digestion  chamber  in  the  Emscher  tank.  Under  outdoor 
conditions  and  in  the  presence  of  other  putrefactive  odors,  an 
amount  of  2  or  3  p.p.m.  hydrogen  sulphide  in  the  tank  would  not 
be  noticeable. 

Mr.  A.  B.  Morrill  *  (by  letter).  —  In  the  discussion  of  Mr. 
Saville's  paper  the  question  of  the  production  of  hydrogen  sul- 
phide odor  in  sewage  tanks  has  arisen.  Mr.  Fuller  states  that 
"  sulphureted  hydrogen  in  water,  in  order  to  rise  into  the  atmos- 
phere and  produce  troublesome  odors,  must  be  produced  in 
quantities  sufficient  to  combine  chemically  with  iron  and  other 
salts  in  the  tank  and  also  to  supersaturate  the  liquid  in  the  tank," 
and  he  also  says  that  "  one  volume  of  water  will  hold  three  or 
four  volumes  of  sulphureted  hydrogen  gas,  depending  on  tempera- 
ture and  pressure." 

Water  at  10  degrees  cent,  and  at  atmospheric  pressure  will 
dissolve  3.7  volumes  of  hydrogen  sulphide.  But  if  the  space  over 
the  water  is  occupied  by  a  mixture  of  gases  the  solubility  of  the 
hydrogen  sulphide  is  determined,  not  by  the  total  pressure  on  the 
liquid,  but  by  the  partial  pressure  of  the  hydrogen  sulphide; 
that  is,  the  pressure  which  the  hydrogen  sulphide  would  cause 
if  it  alone  occupied  the  space. f  In  order  to  dissolve  3.7  volumes 
at  atmospheric  pressure,  water  must  be  overlaid  by  an  atmosphere 
of   hydrogen   sulphide. 

As  our  atmosphere  is  practically  unlimited  and  free  from 
hydrogen  sulphide  it  is  evident  that  any  solution  of  hydrogen 
sulphide,  however  dilute,  is  supersaturated  and  unstable  when 

*Engineering  Assistant,  the   Sanitary  District  of  Chicago,  39th  St.  Sew- 
age Testing  Station. 

f  Mendeleef,  "  The  Principles  of  Chemistry,"   Vol.  I,  p.  82,  1905. — Ed. 
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exposed  to  the  air.  Mendeleef  says,  "  Water  saturated  with 
a  gas  which  is  not  contained  in  air  will  be  entirely  deprived  of  the 
dissolved  gas  if  left  exposed  to  the  air."  * 

This  demonstrates  the  fact,  which  is  borne  out  by  experi- 
ment, that  solutions  of  hydrogen  sulphide  give  off  the  gas  and 
may  produce  odors  when  they  are  far  below  the  saturation  point. 
Experience  in  the  laboratory  shows  that  such  solutions  have 
a  distinct  odor  when  they  are  less  than  I  per  cent,  saturated. 
The  same  phenomenon  is  noticed  with  ammonia,  which  is  ex- 
tremely soluble  in  water.  The  solutions  used  for  laboratory  and 
domestic  purposes  are  far  from  saturation  and  still  give  off  a 
strong  odor. 

The  escape  of  hydrogen  sulphide  from  tanks  may  occur  even 
though  the  tank  contains  an  excess  of  iron  salts  in  solution.  In 
a  shallow  tank  large  bubbles  might  form  in  the  sludge,  rise,  and 
escape  into  the  air  without  going  into  solution  or  having  an 
opportunity  to  combine  with  the  iron. 

The  depth  of  the  Emscher  tank  tends  to  prevent  the  escape 
of  hydrogen  sulphide  when  the  sludge  chamber  contains  salts 
which  would  precipitate  it  from  solution,  and  the  scum  which  is 
generally  present  at  the  surface  of  the  sludge  chamber  retards  its 
diffusion  into  the  atmosphere.  The  absence  of  odor  near  a  tank 
indicates,  however,  that  there  is  little  or  no  hydrogen  sulphide 
produced  above  the  amount  necessary  to  combine  with  the  iron 
and  other  metals  in  solution. 

Mr.  George  W.  Fuller  (by  letter).  —  The  discussions  by 
Messrs.  Pearse,  Lederer  and  Morrill  of  the  Sewage  Testing  Sta- 
tion of  the  Chicago  Sanitary  District  contain  a  number  of  in- 
teresting and  valuable  points,  and  the  writer  is  glad  of  the 
opportunity  to  comment  briefly  on  several  of  them  as  follows: 

Separate  Sludge  Digestion  Tanks. 

While  the  writer  does  not  take  exception  to  Mr.  Pearse's 
statement  that  the  Emscher  tank  for  large  works  seems  the  most 
desirable  of  the  methods  now  available,  it  is  believed  that  he  is 
rather  drastic  in  saying  that  the  digestion  of  sludge  in  separate 
tanks  is  in  itself  not  a  solution  of  the  sludge  problem.  Last 
autumn  there  was  put  in  service  at  Kings  Park,  N.  Y.,  a  sewage 
purification  plant  for  treating  the  sewage  of  a  population  of 
between  3  000  and  4  000  people.  The  preliminary  treatment 
consists  of  plain  sedimentation  in  tanks  of  the  Dortmund  type. 

*  Mendeleef,  Vol.  I,  p.  86,  Note  36. 
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From  the  bottom  of  the  tanks  the  unputrefiecl  sludge  is  removed 
at  intervals  by  opening  a  gate  on  the  outlet  pipe,  through  which 
the  fresh  sludge  by  the  weight  of  the  superincumbent  sewage 
is  forced  to  long  covered  sludge  trenches.  These  trenches  are 
about  6  ft.  deep  and  6  ft.  wide,  braced  on  the  sides  and  top  with 
rough  lumber  and  covered  with  a  foot  or  more  of  sandy  soil. 
The  sludge  is  distributed  lengthwise  in  these  trenches  by  means 
of  a  trough,  so  that  it  can  be  deposited  at  different  points  by 
adjustments  made  through  openings  which  are  ordinarily  covered. 
There  is  an  overflow  pipe  to  take  the  liquid,  if  necessary,  when 
the  trench  is  filled,  to  a  pipe  leading  to  the  final  settling  basin 
into  which  the  effluent  from  the  sprinkling  filters  passes.  Such 
liquid  as  does  not  percolate  into  the  porous  soil  may  be  treated 
with  hypochlorite  of  lime  as  it  flows  into  the  final  settling  basin. 

The  only  feature  suggesting  modification  in  the  preliminary 
treatment  at  the  Kings  Park  plant  is  the  formation  of  scum  on  the 
surface  of  the  clarified  sewage  in  the  Dortmund  tanks.  This  is 
largely  due  to  the  fresh  and  but  partially  screened  sewage  enter- 
ing the  Dortmund  tank  and  probably  would  also  appear  in  an 
Emscher  tank.  The  sewage  seems  to  be  unusually  well  clarified 
at  the  Kings  Park  plant  and  is  delivered  to  the  sprinkling  filters 
in  a  fresh  condition.  The  covered  sludge  trenches,  it  is  believed, 
will  afford  a  disposal  of  the  sludge  without  odors  at  a  very  small 
or  moderate  cost  for  construction  and  at  practically  no  expense 
for  operation  for  several  years.  The  opening  of  a  valve  now  and 
then  is  all  that  is  required  of  the  attendant,  who  need  visit  the 
plant  only  for  a  few  minutes  once  or  twice  a  day.  Ultimately, 
it  will  be  necessary  either  to  dig  out  the  sludge  from  the  existing 
trenches,  or  to  build  new  ones.  The  writer  is  by  no  means 
certain  that  with  either  or  both  of  these  operations  the  separate 
covered  sludge  trench,  or  basin,  is  not  cheaper  for  a  plant  of  this 
size  for  some  locations  than  is  an  Emscher  tank,  with  its  sludge 
beds  which  are  supposed  to  need  attention  at  such  frequent  inter- 
vals as  to  require  the  regular  employment  of  a  laborer. 

Just  how  much  attention  is  needed  for  an  Emscher  tank 
in  our  northern  climate,  especially  as  to  the  frequency  with 
which  the  sludge  is  to  be  removed,  is  a  question  of  considerable 
practical  significance.  It  would  seem  to  be  a  difficult  matter  to 
remove  and  dry  sludge  without  complications  from  freezing  for 
quite  a  number  of  months  at  a  time  at  many  places.  This 
affects  construction  costs  in  some  measure  if  ample  storage  of 
sludge  in  the  digestion  chamber  is  to  be  provided  to  tide  over 
winter  weather  and  a  period  in  the  spring  sufficient  to  allow  the 
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sludge  accumulations  of  the  winter  to  become  well  rotted  out. 
It  also  affects  the  maintenance  cost  if  during  the  summer  months 
it  means  a  regular  attendant  to  operate  a  sludge-drying  bed  at 
frequent  intervals.  It  is  quite  easy  to  get  an  attendant  on  to  the 
regular  payroll  in  some  places  and  the  capitalization  of  this  annual 
cost  has  considerable  significance  with  the  comparisons  of  the 
Emscher  tanks  which  the  writer  has  mentioned  above,  with  small 
designs  of  the  Kings  Park  type  where  no  regular  laborer  need  be 
employed,  but  where  special  labor  may  be  provided  at  intervals 
of  once  or  twice  a  year. 

An  interesting  point  in  connection  with  the  removal  of 
sludge  from  Emscher  tanks  on  to  drying  beds  is  whether  or  not 
entrained  gas  remains  in  the  bottom  sludge  for  an  indefinite 
period  and  to  a  sufficient  extent  to  permit  the  sludge  to  rise 
through  the  water  in  which  it  is  contained,  and  thus  afford  an 
opportunity  for  prompt  drying  which  seems  to  be  so  character- 
istic of  the  sludge  of  the  Emscher  tank  when  working  at  its  best. 

It  is  reasonable  to  suppose  that  the  Emscher  tank  can  be 
built  rather  more  cheaply  than  some  of  the  present  designs 
would  indicate.  Comparison  of  the  construction  cost  of  the 
two-story  Emscher  tank,  having  a  septicization  chamber  of 
ample  size  and  also  a  sludge-drying  bed,  with  the  cost  of  a  Dort- 
mund tank  to  give  equal  clarification  and  provided  with  covered 
trenches,  indicates  that  where  sufficient  porous  land  is  available 
the  arrangement  built  at  Kings  Park  would  not  be  the  more 
expensive  even  if  sludge  trenches  were  provided  initially  to  take 
care  of  the  sludge  for  quite  a  number  of  years  without  removal. 
The  question  then  becomes  for  small  plants  one  of  comparison 
of  the  cost  of  operation  and  maintenance  of  the  two  types. 
Whatever  advantage  may  result  from  the  Kings  Park  design  is 
predicated  upon  the  necessity  of  the  attendant's  spending  only 
a  few  minutes  a  day  with  such  a  plant,  whereas  it  might  be  a 
question  of  several  hours  a  day  or  continuous  employment  for 
a  laborer  during  the  warm  season  of  the  year  with  the  Emscher 
arrangement. 

It  is  not  to  be  forgotten  that  for  some  localities  it  might 
be  wise  to  dispose  of  the  sludge  from  Emscher  tanks  into  covered 
trenches  or  basins,  if  for  no  other  reason  than  to  keep  the  material 
hidden  from  view. 

Separate  digestion  of  sludge  is  a  subject  that  can  scarcely 
be  dismissed  from  discussion  in  this  country  without  some  brief 
reference  to  experiences  at  Reading,  Pa.,  such  as  were  given  in 
the  Engineering  Record  of  August  13,   1910,  in  the  article  by 
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Mr.  E.  Sherman  Chase,  describing  the  operation  of  those  sewage 
purification  works.  The  plain  sedimentation  tank  there  is  an 
unusual  one,  being  an  adaptation  of  some  of  the  structures  of  an 
earlier  plant.  It  is  cleaned  at  intervals  ranging  from  six  weeks 
in  summer  to  four  months  in  winter.  The  sewage  is  first  screened 
through  a  device  called  locally  a  "  segregator,"  which  is  essentially 
a  revolving  screen  of  wire  cloth  with  forty  meshes  per  lineal 
inch. 

This  device  seems  to  be  quite  successful  in  guarding  against 
such  a  scum  as  found  at  Kings  Park,  which  with  fresh  sewage 
would  probably  be  noticeable  with  an  Emscher  or  any  other 
form  of  settling  tank  unless  arrangements  were  made  to  provide 
for  its  frequent  and  systematic  removal. 

The  sludge  at  Reading  is  removed  by  gravity  to  lagoons 
made  by  throwing  up  dikes  about  5  ft.  high.  During  the  first 
two  years  of  operation,  about  5  000  cu.  yd.  of  wet  sludge  were 
disposed  of  upon  this  area.  Over  the  surface  a  scum  forms, 
beneath  which  the  sludge  appears  to  become  quite  completely 
liquefied.  No  odors  are  noticeable  200  ft.  from  the  lagoons  and 
the  method  may  be  said  to  be  successful  so  far  as  offensive 
smells  are  concerned,  although  the  limited  area  of  land  will 
soon  make  it  necessary  to  dispose  of  the  accumulated  residual 
material  or  to  resort  to  some  other  method  of  sludge  disposal. 

The  Reading  plant,  while  of  interest  in  showing  what 
can  be  done  with  the  digestion  of  sludge  after  removal  from  set- 
tling tanks,  could,  of  course,  be  modified  to  show  considerable 
improvement  if  it  were  desired  to  construct  lagoons  in  a  more 
permanent  fashion  and  provide  them  with  covers. 

The  Reading  settling  tank  as  operated  illustrates  one 
disadvantage  of  the  treatment  of  the  sludge  in  single  compart- 
ments that  is  not  found  in  tanks  of  the  Emscher  or  Dortmund 
type.  Reference  is  made  to  the  necessity  of  disposing  of  the  super- 
natant liquid  at  the  time  of  removal  of  the  sludge.  At  Reading 
this  is  ordinarily  allowed  to  enter  the  river  through  the  ad- 
joining creek  unless  it  should  be  pumped  to  the  outlet  weir  so 
that  it  could  pass  on  to  the  filter.  In  fact,  as  the  tank  has 
but  one  compartment  and  the  cast-iron  by-pass  around  the  tank 
which  was  a  part  of  the  design  has  not  yet  been  built,  the  entire 
sewage  flow  enters  the  river  at  times  of  cleaning  the  tank. 

In  speaking  of  the  Reading  settling  tank,  absence  of  odor 
from  the  tank  and  sludge  lagoons  is  not  the  only  feature  wherein 
these  works  have  shown  themselves  to  be  satisfactory.  There 
is    substantially    no    odor   at    the    sprinkling    filters;    in    fact, 
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none  is  noticeable  at  a  distance  of  200  ft.  This  is  due  in  consid- 
erable measure  to  the  fact  that  the  sewage  as  it  passes  through 
the  preliminary  settling  tank  and  reaches  the  sprinkling  filters 
is  ordinarily  fresh  and  contains  dissolved  oxygen.  It  is  never 
septic  and,  in  fact,  dissolved  oxygen  is  rarely  absent  and  then 
only  at  times  just  prior  to  the  cleaning  of  the  preliminary  settling 
tanks  during  the  summer  months.  Indeed,  so  constant  is  the 
presence  of  dissolved  oxygen  in  the  sewage  as  it  reaches  the 
sprinkling  filters  that  very  little  attention  has  been  given  to 
the  important  point  studied  carefully  at  Columbus,  Ohio,  as 
to  the  amount  of  oxygen  contained  in  the  influent  of  the  sprink- 
ling filters  due  to  aeration  of  the  spray  delivered  from  the  sprink- 
ler nozzles.  This  oxygenation  amounts  to  some  70  to  80  per  cent, 
of  saturation,  according  to  the  evidence  developed  at  the  Co- 
lumbus Sewage  Testing  Station  (see  Johnson's  Report,  p.  278) 
and  also  at  the  large  Columbus  works,  as  stated  by  Mr.  C.  B. 
Hoover  in  his  discussion  of  Mr.  John  H.  Gregory's  paper,  Trans- 
actions of  the  American  Society  of  Civil  Engineers,  Vol.  LXVII, 
P-  374- 

Gases  from  Sludge  Digestion. 

Dr.  Lederer's  statements  are  surely  interesting  with  re- 
spect to  the  absence  of  hydrogen-sulphide  odor  in  the  septic 
effluents,  the  effluent  of  an  Emscher  tank,  as  well  as  from  the 
supernatant  liquid  of  the  sludge-digestion  chamber  of  the  Em- 
scher tank,  although  small  quantities  of  hydrogen  sulphide 
were  present  at  times  in  these  various  liquids.  This  statement, 
of  course,  is  in  distinction  from  the  hydrogen  sulphide  developed 
in  the  modified  Dortmund  tank,  in  the  bottom  of  which  sludge 
is  allowed  to  accumulate  without  removal,  as  described  by 
Mr.  Pearse. 

Dr.  Lederer's  assumption  that  organic  compounds  through 
septicization  form  hydrogen  sulphide  is  in  accordance  with  the 
views  of  the  writer,  who  understands  that  several  investigators 
regard  hydrogen  sulphide  as  a  cleavage  product  from  proteid 
matter  which  has  been  partially  hydrolized  by  any  of  quite  a 
variety  of  species  of  bacteria.  This  viewpoint  seems  to  be  in 
accord  with  the  writings  of  the  late  Prof.  C.  A.  Herter  in  his 
interesting  book  on  "  The  Common  Bacterial  Infections  of 
the  Digestive  Tract."  On  the  other  hand,  the  formation  of  hy- 
drogen sulphide  from  inorganic  sulphur  compounds,  so  far  as 
the  writer  knows,  is  rather  an  unusual  experience  and  confined 
to  the  work  of  a  limited  number  of  species  of  bacteria. 
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At  the  Columbus  Sewage  Testing  Station  the  reduction 
of  mineral  sulphates  was  not  noted  in  the  septic  tanks  as  stated 
in  Johnson's  Report,  p.  123,  although  it  was  noted  in  the  coke 
strainers  (p.  144).  There  is  reason  to  believe  that  such  reduction 
has  taken  place  at  times  in  the  operation  of  the  large  works  at 
Columbus. 

While  it  does  not  take  much  hydrogen  sulphide  to  cause 
a  perceptible  odor,  as  stated  by  Dr.  Lederer,  it  is  to  be  borne 
in  mind  that  this  substance  would  seemingly  be  quite  promptly 
oxidized  when  it  meets  the  atmosphere  a  short  distance  from  the 
liquid  from  which  it  comes.  In  Lunge's  book  on  "  The  Tech- 
nical Methods  of  Chemical  Analysis,"  Vol.  I,  Part  2,  p.  888,  it 
is  stated  that  one  to  two  parts  by  volume  in  one  million  parts  of 
air  give  a  very  disagreeable  odor  of  sulphureted  hydrogen. 

Barometric  conditions  no  doubt  affect  the  dispersion  of 
this  comparatively  heavy  gas  in  the  atmosphere. 

Mr.  Morrill's  comments  as  to  the  diffusion  of  sulphureted 
hydrogen  from  liquids  into  the  atmosphere  are  no  doubt  scien- 
tifically correct.  They  are  somewhat  at  variance,  however, 
with  the  statements  of  Dr.  Lederer  as  to  experiences  at  the 
Chicago  Sewage  Testing  Station. 

So  far  as  known,  all  analyses  of  gases  escaping  from  septic 
tanks  have  been  made  from  samples  collected  from  the  confined 
space  above  the  surface  of  the  liquid,  upon  which  the  pressure 
or  vapor  density  of  various  gases  would  be  exerted. 

Mr.  Morrill  is  also  correct  in  referring  to  the  influence  of 
the  size  of  bubbles  formed  in  the  sludge  and  which  by  massing 
together  may  produce  so  large  a  bubble  that  its  buoyancy 
may  carry  it  to  the  surface  too  quickly  to  allow  much  practical 
effect  either  with  regard  to  the  sulphureted  hydrogen  dissolving 
in  the  liquid  or  combining  with  iron  salts  or  other  compounds 
producing  an  insoluble  sulphide  precipitate. 

An  examination  of  the  characteristics  of  various  gases  pro- 
duced by  the  putrefaction  of  organic  matter  leads  to  some  inter- 
esting comparisons,  among  which  is  the  striking  degree  of  solu- 
bility of  sulphureted  hydrogen  when  expressed  in  parts  per 
million  and  considered  with  reference  to  the  comparatively  small 
amount  of  organic  sulphur  ordinarily  found  in  American  sew- 
ages. The  following  tables  show  some  of  these  comparisons, 
although  the  data  are  given  for  pure  water  without  the  influ- 
ence of  dissolved  impurities  or  of  the  several  gases  upon  each 
other. 
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TABLE  i. 

Tabulation   of    Some    Physical    Features   of   the    Gases    of 

Decomposition. 

Weight  of 

One  Liter.  Density. 

Gas.  (Grams.)  Air  =  i.       Hydr.  =  i. 

Hydrogen 0.090 

Methane 0.716 

Ammonia 0.762 


Nitrogen 1-254 

Oxygen 1-429 

Hydrogen  sulphide. .. .  1.523 

Carbon  dioxide 1-965 


Air  = 
O.0696 

0-554 
0.762 
0.967 
1-105 
1. 189 
1-529 


1. 00 

7-97 

8-59 

13.92 

1590 
17.10 
22.00 


Relative 
Diffusion 
(Air  =  1.) 

3-83 

i-34 
1.29 

I.OI 

0-95 
0-95 
0.81 


Sewage 


Note.* 


7-13 


16.4 
52.1 


*  Note  =  vapor  tension  in  atmospheres  at  15  degrees  cent. 
=  0.017.) 

TABLE  2. 


(Water  vapor 


Tabulation  Showing  the  Approximate  Volumes  of  Different  Gases 
(Pure)  of  Sewage  Decomposition  which  are  Required  to  Saturate 
One  Volume  of  Pure  Water  at  Different  Temperatures  and 
Pressures. 


Gas. 

Hydrogen 

Methane 

Ammonia 94J-9 

Nitrogen 

Oxygenf  

Hydrogen  sulphide 

Carbon  dioxide . 

*  Due  to  formation  of  NH4OH. 

t  This  is  for  pure  oxygen,  not  atmospheric  oxygen. 


Pressure 

of  30  Feet 

Vtmospheri 

c  Pressure. 

of 

Water. 

4°  Cent. 

150  Cent. 

4°  Cent. 

150  Cent. 

O.02064 

0.01883 

O.0405 

O.O365 

O.O4985 

O.03874 

O.09065 

O.0751 

^■9* 

727.2* 

0.02130 

0.01682 

O.0413 

O.O326 

0-04397 

O.03415 

O.0852 

O.0664 

4.044 

3-233 

7.830 

6.272 

i-5i3 

I.002 

2-943 

I.942 

TABLE  3. 

Tabulation  Showing  the  Approximate  Weight  in  Parts  per  Million 
of  Different  Gases  of  Sewage  Decomposition  which  are  Required 
to  Saturate  Pure  Water  at  Different  Temperatures  and  Pressures. 


Atmospheric  Pressure 
Gas.  4°  Cent.         15°  Cent. 

Hydrogen 1.86  1.69 

Methane 35-65  27.7 

Ammonia 792  000.*  611  000.* 

Nitrogen 26.70  21.1 

Oxygenf 62.8  48.8 

Hydrogen  sulphide 6  160.  4  930. 

Carbon  dioxide 2  975.  1  965. 

*  Due  to  formation  of  NH4OH. 

|  This  is  for  pure  oxygen,  not  atmospheric  oxygen. 


Pressure  of  30 

s.        Feet  of  Water. 

4°  Cent. 

15°  Cent. 

3.61 

3-27 

69.15 

53-7 

51.8 

40.9 

121. 8 

94-5 

II 950. 

9560. 

5760. 

3810. 
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Mr.  W.  L.  Stevenson  *  (by  letter). —  Shortly  after  the  pub- 
lication in  the  Surveyor  of  Mr.  Imhoff's  first  article  describing 
the  Emscher  tank,  and  based  upon  the  sketch  shown  therein, 
a  tank  of  this  type  was  constructed  at  the  sewage  experiment 
station  then  being  operated  by  the  Bureau  of  Surveys  of  Phila- 
delphia. 

Crude  sewage  was  settled  for  a  nominal  period  of  two  hours. 
Due  to  the  very  short  vertical  distance  given  to  sedimentation 
the  effluent  was  not  as  low  in  suspended  solids  as  would  have 
been  obtained  from  a  tank  of  working  size.  But  several  of  the 
important  basic  principles  of  this  tank  were  established  probably 
for  the  first  time  in  America. 

The  complete  separation  of  the  settling  sewage  from  the 
decomposing  sludge  caused  the  sedimentation  part  of  the  tank 
to  be  purely  mechanical.  No  reduction  of  oxidized  nitrogen  nor 
of  dissolved  oxygen  occurred.  Nor  was  there  any  increase  in 
the  free  ammonia  during  the  flow  through  the  tank. 

The  gas  which  constantly  bubbled  up  through  the  venti- 
lating funnel  was  entirely  inodorous,  and  exhibited  character- 
istics of  methane. 

The  sludge  which  was  withdrawn  in  small  quantities  at 
frequent  intervals  was  black,  granular,  lower  in  moisture  than 
that  from  any  other  tank,  having  a  tarry  odor,  and  dried  with 
much  greater  rapidity  than  any  other  sludge. 

The  writer  believes  that  the  principle  of  the  Emscher  tank 
is  a  correct  one,  but  that  a  simpler  and  cheaper  construction 
must  be  devised  to  accomplish  the  same  end.  Sewage  disposal 
works  are  usually  located  on  low  ground  where  the  water  level 
is  near  the  surface,  and  the  designing  of  a  deep  tank  having 
curved  form  construction  in  a  water  bearing  soil  adds  greatly 
to  the  expense. 

The  use  of  a  horizontal  flow  Emscher  tank  with  straight  side 
walls,  and  a  sloping  bottom  terminating  in  an  inverted  cone, 
from  the  bottom  of  which  the  sludge  would  be  withdrawn,  might 
produce  the  same  results  at  far  less  cost  of  construction. 

Dr.  Rudolph  Hering  (by  letter).  —  Mr.  Saville  has  given 
us,  as  I  believe,  the  best  account  that  we  have  in  the  English 
language  of  the  Emscher  Sewerage  District  and  of  the  Imhoff 
tank.  It  gives  us  many  interesting  details  of  a  subject  which  for 
three  years  I  have  believed  is  the  most  important  step  that  has 
recently  been  taken  in   sewage  disposal   matters.     The  sludge 

*  Assistant  Engineer  Sewage  Disposal,  Department  of  Public  Works, 
Philadelphia. 
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nuisance  has  always  been  the  wor  t  feature  of  sewage  works 
and  to  think  that  at  last,  after  over  thirty  years'  effort,  the  ques- 
tion has  been  brought  close  to  a  final  solution  is  very  gratifying. 

The  Genossenschaft  where  Mr.  Saville  is  now  temporarily 
employed  is  an  excellent  precedent  for  the  conduct  of  a  similar 
public  work  in  our  country.  Some  details  might  be  advanta- 
geously altered  for  our  different  conditions,  but  in  the  main  the 
system  of  organization  and  operation  which  has  been  success- 
fully applied  in  the  Emscher  district  for  a  number  of  years  is 
fair  and  efficient. 

It  might  be  well  to  add  to  the  discussion  that  the  city  of  Leeds 
in  recent  years  erected  a  large  plant  with  chemical  treatment 
for  its  sewage,  but  with  the  idea  that  this  process  is  not  to  be 
considered  a  final  one.  It  was  stated  to  me  three  years  ago  that 
it  was  believed  the  first  process  of  sewage  treatment  should 
be  as  complete  a  separation  of  the  suspended  matter  from  the 
liquid  as  practicable,  which  is  certainly  better  accomplished  by 
accelerated  precipitation  than  by  plain  sedimentation.  It  is 
expected  that  at  some  future  time  it  will  be  followed  by  an 
oxidation  of  the  effluent.  Chemical  precipitation  has  the  ad- 
vantage of  removing  even  fine  suspended  matter.  This  process 
may,  therefore,  be  advisable  and  more  economical  where  the 
effluent  liquid  can  be  discharged  into  a  body  of  flowing  water  or 
where  treatment  on  land  must  be  confined  to  small  areas.  The 
question  of  cost  may  show  that  chemical  precipitation  has  not 
passed  into  oblivion.  An  interesting  question  relates  to  the 
efficiency  of  an  Imhoff  tank  when  receiving  the  additional  pre- 
cipitant. 

The  minimum  flow  of  the  Emscher  River  is  stated  to  be 
only  190  cu.  ft.  per  second,  and  it  receives  the  sewage  more  or 
less  treated  from  a  population  of  1  500  000  people.  It  is  surpris- 
ing that  this  proportion  has  been  found  satisfactory.  There  are 
some  peculiar  conditions  in  the  district  which  do  not  prevail 
elsewhere,  and  it  is  difficult  to  assume  that  no  further  purifica- 
tion will  be  later  required.  I  believe  it  is  proper  to  await  the 
results  of  the  next  few  years  before  revising  our  former  assump- 
tions. 

There  can  be  no  question,  however,  that  the  removal  of  the 
larger  particles  in  the  suspended  matter  will  make  it  possible  to 
discharge  the  effluent  into  flowing  water  in  much  larger  quanti- 
ties than  unsettled  sewage,  without  any  danger  of  subsequent 
putrefaction.  It  is  important  also  to  realize  that  the  removal  of 
this  suspended  matter  practically  removes  the  offensive  sludge 
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deposit  in  rivers  and,  therefore,  the  chief  cause  of  the  nuisance 
from  a  sewage  discharge  into  them.  It  is  the  putrefaction  of 
sludge  deposits,  of  the  rising  gases  and  foul  particles  to  be  again 
suspended  in  the  water,  which  causes  the  chief  trouble  to  which 
we  object.  When  we  can  prevent  sludge  deposits  we  have  .solved 
the  greater  part  of  the  difficulty.  The  liquids,  even  though  con- 
taining considerable  amounts  of  dissolved  organic  matter,  are 
much  more  readily  brought  in  contact  with  oxygen  and  oxidized 
than  when  they  are  in  combination  with  the  sludge.  This  solu- 
tion seems  the  proper  one  to  prevent  foul  docks  and  similar 
invitations  for  deposit  in  harbor  cities. 

It  is  very  gratifying  to  feel  that  the  general  opinion  is  now 
reverting  in  one  aspect  to  what  it  was  over  thirty  years  ago  when 
I  studied  the  subject  in  Europe.  In  1880  I  saw  a  concrete-lined 
open  channel  carrying  sewage  with  a  good  velocity  from  the 
built-up  parts  of  the  city  of  Oxford  in  England  to  the  purifica- 
tion works  where  the  sewage  was  treated  before  its  discharge 
into  the  Thames. 

At  that  time  it  was  stated  that  sewage  should  be  carried  in 
smooth  channels  and  at  rapid  velocities.  Brick  work  and  stone 
work  were  frequently  objected  to  because  this  rough  material 
allowed  the  sewage  to  be  retained  and  the  sludge  particles  to 
become  putrescent.  With  the  smooth  channel  and  swift  currents, 
it  was  remarked,  sewage  would  not  smell,  and  I  found  a  good 
deal  of  evidence  in  England  and  Germany,  in  Paris  and  Vienna, 
to  substantiate  this  opinion,  and  I  so  reported  here  at  home  at 
that  time.  When  the  "  septic  "  idea  broke  in,  I  felt  a  great 
disappointment,  because  it  seemed  that  a  retention  of  the  fresh 
condition  of  sewage  no  longer  had  a  strong  backing.  It  is,  there- 
fore, very  pleasing  to  know  that  the  former  views  are  now  return- 
ing and  they  already -seem  to  prevail  in  most  cities  of  Europe. 

Regarding  odors  arising  from  septic  sewage  and  their 
persistence  in  the  atmosphere,  Professor  Bass,  Mr.  Saville  and 
I,  last  summer,  distinctly  perceived  the  odor  of  sulphureted 
hydrogen  at  the  Wilmersdorf  purification  works  near  Berlin  for 
a  distance  of  over  a  mile  from  the  outlet  of  the  delivery  pipe. 
The  sewage  had  flowed  many  miles  in  a  pipe,  —  about,  I  believe, 
20  in.  in  diameter,  —  and  at  a  very  slow  velocity.  It  was  thor- 
oughly septic  and  when  discharged  had  a  very  strong  odor, 
reminding  me  of  a  similar  point  at  the  Saratoga  Springs  (N.  Y.) 
sewage  disposal  works,  where  the  odor  is  also  perceptible  for 
quite  a  distance,  and  which  was  the  cause  of  our  recommending 
the  reservation  of  a  wide  strip  of  land  around  the  large  Baltimore 
(Md.)  sewage  works. 
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Dr.  Spillner.*  —  Mr.  Fuller  Has  raised  the  point  about  the 
development  of  H2S,  and  this  question  has  apparently  aroused 
much  interest  since  Mr.  Phelps,  Dr.  Lederer  and  others  have  also 
had  considerable  to  say  about  it.  They  ask  why  the  Emscher 
tanks  in  Germany  produce  such  remarkably  small  amounts  of 
this  gas,  and  whether  similar  results  may  be  expected  under  other 
local  conditions. 

In  order  to  answer  this  it  is  necessary  to  understand  clearly 
in  what  technical  respects  Emscher  tanks  differ  from  ordinary 
septic  tanks.  In  septic  tanks  the  liquid  sewage  and  the  deposited 
sludge  undergo  decomposition  together,  while  in  Emscher  tanks 
(after  the  sludge  chamber  becomes  ripe)  practically  nothing  but 
the  deposited  sludge  decomposes.  It  therefore  seems  that  the 
septicization  of  the  organic  and  colloidal  substances  in  solution 
in  sewage  is  the  main  cause  of  the  development  of  H2S,  and 
that  this  gas  is  produced  only  in  much  smaller  quantities  from  the 
suspended  organic  solids. 

Practical  experience  supports  this  opinion.  If  the  "  flowing- 
through-time"  in  an  Emscher  tank  (normally  one  to  two  hours)  is 
sufficiently  lengthened  for  the  sewage  to  become  septic  (in  warm 
weather  this  requires  about  five  hours  with  our  sewages),  with 
the  result  that  similar  conditions  to  those  in  septic  tanks  are 
produced,  the  same  plant  which  was  formerly  odorless  will 
develop  much  H2S  and  may  smell  very  bad.  This  experiment 
may  be  made  with  any  Emscher  tank  installation.  Further,  if 
an  Emscher  tank  which  shows  no  development  of  H2S  is  emptied 
completely  (this  should  of  course  not  be  done  in  practice),  or  in 
large  part,  and  is  then  placed  again  in  operation,  the  sludge- 
decomposing  room  becomes  filled  with  fresh  sewage.  After  some 
hours  H2S  begins  to  develop,  and  lasts  till  the  organic  matter  of 
the  sewage  in  the  sludge  decomposing  chamber  is  completely 
rotted  out.  I  can  speak  personally  of  practical  examples  of 
both  of  these  cases.  It  would  therefore  seem  that  by  preventing 
septicization  of  the  dissolved  organic  matter  the  development  of 
H2S  in  appreciable  amounts  can  be  avoided. 

A  theoretical  explanation  of  why  more  H2S  gas  can  be 
produced  by  the  dissolved  organic  matter  in  sewage  than  by  the 
organic  matter  in  the  sludge  follows. 

1.  Sewage  usually  contains  much  more  organic  matter  in 
solution  (and  colloid  solution)  than  in  suspension.  This  is  shown 
by  averages  of  all  the  sewage  analyses  made  up  to  October,  1910, 

*  Chemist,  Emschergenossenschaft,  Essen,  Germany. 
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at  the  plants  of  the  Emschergenossenschaft  in  Recklinghausen, 
Bochum  and  Essen  N.  W.  (Figures  are  in  parts  per  million.) 

Reckling-  Essen 

hausen.    Bochum.       N.W. 

Organic   matter   in    filtered   sample   of   raw 

sewage 229.6      248.8      416.4 

Organic  matter  in  suspended  solids  in  raw 

sewage 259.3      186.9      261.6 

Total  organic  matter  in  raw  sewage 488.9      435-7      678.0      1602.6 

Organic  matter  in  fresh  sludge  deposited  in 

tank  * 185.8      130.5      176.0        492.3 

*  Equals  difference  between  organic  suspended  solids  in  raw  sewage  and 
effluent  of  tank.     (See  table  of  analyses  on  page  21.) 

If  the  dissolved   organic  matter  should   contain   no   more 

organic  sulphur  per  unit  than  that  in  the  deposited  fresh  sludge 

the  possibility  of  H2S  developing  in  the  sludge  chamber  of  an 

492.3 

Emscher  tank  would  seem  to  be  only  about =  31  per  cent. 

1602.6 

of  what  it  is  in  ordinary  septic  tanks. 

2.  The  amount  of  organic  sulphur  in  the  deposited  sludge 
is,  however,  much  less  than  in  the  "  not-capable-of-settling  " 
(dissolved,  colloidal,  fine  suspended,  etc.)  organic  matter.  I  am 
not  yet  in  a  position  to  give  definite  proof  of  this  (by  actual 
analyses) ;  but  it  is  well  known  that  in  the  digestion  processes 
of  man  and  other  animals  the  sulphur-containing  products  of  the 
digestion  of  albuminous  matters  (eaten  by  the  animals)  are  found 
for  the  most  part  not  in  the  faecal  matters  but  in  the  urine.  In 
sewage  one  would  therefore  not  expect  to  find  these  organic 
sulphur  compounds  in  the  sludge  ("  capable-of-settling  "  sus- 
pended solids)  but  rather  in  solution.  Because  of  these  con- 
siderations the  above-mentioned  31  per  cent,  should  be  consid- 
erably decreased. 

The  foregoing  seems  to  me  to  be  a  good  explanation  of  why 
there  is  less  H2S  developed  in  Emscher  tanks  than  in  ordinary 
septic  tanks. 

Some  people  have  suggested  that  our  good  results  with  these 
tanks  in  Germany  have  been  largely  due  to  iron  in  the  sewages. 
In  this  connection  it  will  be  of  interest  to  mention  that  analyses 
(thus  far  available)  of  the  sewages  treated  show  less  than  1  part 
per  million  of  iron  (total  iron  as  Fe)  at  four  of  our  smaller  plants 
handling  principally  house  sewage,  and  quantities  varying  from 
1  to  25  parts  per  million  at  the  larger  works  where  the  sewage 
contains  manufacturing  wastes. 
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Mr.  Saville.  —  I  have  been  much  interested  in  what  Mr. 
Fuller  and  the  others  have  said  about  the  possibility  of  odors 
arising  from  tanks  of  the  Imhoff  type,  due  to  the  production  of 
H2S  in  the  sludge  decomposing  chamber.  Experience  with  the 
formation  of  this  gas  and  its  escape  into  the  atmosphere  in  suffi- 
cient amounts  to  create  a  nuisance  has  been  extremely  varied  in 
the  case  of  ordinary  septic  tanks.  The  opinion  is  therefore  ex- 
pressed that  we  must  face  the  possibility  of  trouble  of  similar 
nature  with  the  Imhoff  tank,  especially  in  cases  where  the  sew- 
age contains  much  sulphur  but  only  small  amounts  of  iron  (or 
other  ingredients  that  would  unite  with  the  H2S  and  keep  it  in 
the  tank). 

I  shall  not  attempt  to  explain  just  why  objectionable  odors 
are  not  noticed  around  the  tanks  of  this  type  now  operating  in 
Germany  —  for  the  most  part  in  thickly  settled  localities  —  or 
to  predict  definitely  what  our  experience  with  full-sized  plants  is 
likely  to  be  in  America.  The  causes  of  production  of  odors  at 
sewage  disposal  works  need  further  and  careful  study;  but  in 
discussing  this  matter  (so  far  as  the  Imhoff  tank  is  concerned) 
there  are  a  few  important  points  which  ought  not  to  be  lost  sight 
of.  (i)  We  must  not  forget  that  the  sedimentation  chamber  and 
the  sludge  decomposing  chamber  are  two  distinct  and  practically 
separate  portions  of  the  tank.  (2)  The  flowing  sewage  (con- 
taining all  matters  in  true  solution  and  in  colloidal  condition  as 
well  as  those  suspended  solids  which  do  not  settle  readily) 
passes  rapidly  through  the  sedimentation  —  usually  in  one  or 
two  hours.  77  does  not  come  in  contact  with  the  deposited  sludge  or 
gases  of  decomposition,  and  leaves  the  tank  as  fresh  as  when  it 
entered.  Is  it  possible  under  these  conditions,  even  with  a 
sewage  containing  large  quantities  of  mineral  sulphates  or  other 
sulphur  compounds  (most  of  which  are  said  to  exist  largely  in 
solution),  that  H2S  can  be  formed  in  appreciable  amounts?  In 
the  case  of  tanks  carefully  designed  and  operated  with  a  view  to 
avoiding  septic  action  in  the  sedimentation  chamber,  it  would 
seem  as  if  we  need  not  fear  odors  of  H2S  formed  in  the  sedimenta- 
tion chamber  from  any  substances  carried  by  the  sewage  in 
solution  and  in  colloidal  condition  or  in  the  form  of  fine  suspended 
solids  which  do  not  settle  out  in  the  "  flowing-through-time  "  of 
two  hours.  (3)  The  portion  of  the  iron  salts  or  other  ingredients 
of  the  sewage  which  are  in  solution  and  colloidal  form,  or  in 
suspension  but  not  "  capable-of-settling,"  cannot  be  depended 
on  to  precipitate  H2S,  which  may  be  produced  in  the  sludge- 
decomposing  chamber  as  a  result  of  the  decomposition  of  the 
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sludge.  This  is  self-evident,  as  the  flowing  sewage  is  entirely 
separate  from  the  sludge  chamber.  (4)  The  sewage  in  the  sludge 
decomposing  chamber  is  extremely  limited  in  quantity  and  is  not 
renewed  since  there  is  no  inflow  from  the  sedimentation  chamber. 
If,  therefore,  H2S  is  formed  from  the  decomposing  sludge  (and 
is  not  all  retained  in  the  sludge  as  a  result  of  precipitation  by 
iron  salts  or  other  compounds  entering  the  sludge  chamber  in  the 
suspended  solids  which  have  settled  out  of  the  flowing  sewage),  it 
would  soon  saturate  this  small  volume  of  water  to  the  extent  of 
becoming  noticeable. 

Mr.  Eddy  has  shown  a  clear  appreciation  of  the  above- 
mentioned  points  in  suggesting  that  the  Imhoff  tank  is  especially 
fitted  to  treat  sewage  containing  manufacturing  wastes  because 
the  quantity  of  sewage  (containing  spent  chemicals)  which  is  in 
contact  with  the  sludge  is  comparatively  small,  and  there  is  not 
much  likelihood  of  the  chemicals  interfering  to  any  extent  with 
the  processes  of  decomposition. 

When  a  tank  is  first  placed  in  operation  the  conditions  are 
somewhat  different  and  it  is  possible  that  odors  can  temporarily 
be  detected  in  the  immediate  vicinity  of  the  tank  due  to  the 
breaking  down  of  the  organic  matter  (and  perhaps  mineral ' 
sulphates)  in  the  sewage  standing  in  the  sludge  room.  It  does 
not  take  long,  however,  for  all  the  putrescible  organic  matter 
in  this  sewage  to  become  completely  decomposed. 

The  point  has  been  emphasized  in  some  of  the  discussions 
that  there  is  nothing  specially  new  in  the  ideas  upon  which  the 
type  of  tank  under  consideration  is  based.  With  any  branch  of 
science  each  step  in  advance  is  usually  a  development  of,  and 
an  improvement  on,  the  work  already  done;  but  whatever  the 
facts  may  be,  it  is  certainly  true  that  all  of  us  having  to  deal  with 
sewage  disposal  problems  are  much  indebted  to  Dr.  Imhoff  for 
the  careful  study  of  the  design  and  operation  of  sewage-clarifica- 
tion tanks  which  he  has  been  carrying  on  for  the  past  six  years. 

The  success  of  the  sewage  disposal  works  of  the  Emscher- 
genossenschaft  is  due  in  part  to  a  thorough  understanding  of  all 
the  factors  affecting  the  design  of  the  tanks  and  to  the  expert 
supervision  which  they  receive  after  being  placed  in  operation. 
I  do  not  think  it  is  the  result  of  special  characteristics  of  the 
sewages  treated,  and  this  opinion  is  perhaps  borne  out  by  the 
good  results  already  obtained  (in  small  tanks)  with  representative 
American  sewages.  It  will  be  interesting  to  watch  the  work  of 
the  first  full-sized  installations  in  this  country,  and,  in  the  event 
of  poor  results,  to  determine  to  what  extent  they  are  due  to 
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faulty  design  and  unintelligent  operation.  Sewage  disposal 
plants  should  certainly  be  made  as  nearly  "  fool-proof  "  as  possi- 
ble; but  we  must  continue  to  expect  trouble  of  one  kind  or 
another  wherever  they  are  placed  in  charge  of  persons  who  have 
had  no  proper  training  to  fit  them  for  the  work. 

The  Imhoff  tank,  because  of  the  good  results  it  has  given  thus 
far,  is  not  necessarily  to  be  considered  a  cure  for  all  evils.  Mr. 
Phelps  and  others  have  already  emphasized  this.  Every  sewage 
disposal  problem  must  be  studied  on  its  merits  with  full  considera- 
tion for  local  conditions.  This  principle  applies  likewise  to 
details  of  design.  Mr.  Gage  has  perhaps  misunderstood  me  in 
saying  that  I  consider  a  depth  of  25  to  30  ft.  to  be  an  essential 
feature  of  this  style  of  tank.  Deep  tanks  have  numerous  ad- 
vantages over  shallow  ones.  Among  them  the  following  may  be 
mentioned:  1.  A  larger  ebullition  of  gas  in  the  sludge  chamber 
per  square  foot  of  horizontal  cross-section.  This  tends  towards 
a  more  thorough  mixing  of  the  sludge  deposits.  2.  Higher  and 
more  uniform  temperature  in  the  sludge  chamber.  3.  A  greater 
depth  of  sludge  with  consequently  less  likelihood  of  drawing  out 
partly  decomposed  sludge  at  times  of  removal.  Other  advan- 
tages might  also  be  mentioned.  The  conditions  in  deep  tanks 
tend  to  produce  sludge  containing  less  water  (it  therefore  re- 
quires less  space)  and  less  undecomposed  organic  matter  than  is 
the  case  with  shallow  tanks.  Furthermore  the  decomposition  of 
organic  matter  in  the  sludge  is  probably  more  rapid  in  deep 
tanks.    But  at  some  places  deep  tanks  may  prove  impracticable. 

If  shallow  tanks  are  used  the  volume  of  the  sludge  decom- 
posing chamber  should  be  greater  than  with  deep  tanks;  because, 
as  already  pointed  out,  the  rate  of  decomposition  of  the  sludge  is 
likely  to  be  slower  —  thus  requiring  more  time,  and,  further, 
due  to  the  fact  that  the  sludge  may  contain  more  water  and  thus 
occupy  more  space.  The  sludge  when  withdrawn  may  not  dry 
so  quickly  as  that  removed  from  deep  tanks  because  of  higher 
water  content  and  less  gas.  The  area  of  the  sludge  beds  should 
therefore  be  greater. 

Mr.  Frederic  H.  Bass  {by  letter)* — The  writer  takes  pleas- 
ure in  adding  his  testimony  to  that  of  the  author  of  the  paper. 
His  observation  of  the  Imhoff  tanks  in  the  Essen  district  left 
nothing  but  a  favorable  impression,  which  was  strengthened  after 
having  seen  the  Travis  tank  at  Hampton,  England. 

The   dreams  of  Victor  Hugo  and   his  enthusiastic  if  unin- 

*  Director  Engineering  Division,  Minnesota  State  Board  of  Health. 
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formed  followers  seem  to  have  been  partially  realized:  sewage 
has  been  treated  in  a  practical  way  so  that  the  solids  can  "  support 
vegetation,"  to  quote  Mr.  Saville's  closing  words.  The  sludge 
problem  seems  to  have  been  solved,  or  at  least  the  proper  lines 
for  its  solution  indicated  by  this  tank. 

The  history  of  the  evolution  of  the  design  of  the  tank  is 
interesting.  The  separation  of  sludge  from  the  sewage  in 
the  tank  undoubtedly  originated  in  America.  England  ap- 
plied the  idea,  and  Germany  perfected  it.  This  is  surely  a  test- 
monial  to  the  success  of  the  Teutonic  methods  of  careful,  deliber- 
ate and  patient  investigation.  The  last  word  has  not  been  written 
in  regard  to  this  tank  or  in  regard  to  further  processes  of  sewage 
purification,  and  the  need  for  investigation  along  lines  for  the 
more  efficient  and  economical  treatment  of  tank  effluents  seems 
to  the  writer  a  most  pressing  one. 

Mr.  Phelps's  statement  that  the  large  cities  can  advanta- 
geously dispose  of  their  sewage  without  tankage  previous  to  filtra- 
tion is  interesting.  The  writer  would  like  to  hear  Mr.  Phelps 
make  further  comparison  as  to  the  methods  of  removal  of  solids 
from  sewage,  viewed  from  an  economic  and  esthetic  standpoint. 
The  writer's  observation  leads  him  to  believe  that  ordinarily 
this  form  of  tank  in  removing  the  solids  from  sewage  delivers 
them  in  a  form  more  satisfactorily  and  more  economically  dis- 
posable than  any  other  type  of  construction.  The  use  of  screens 
is  not  decried,  but  the  belief  is  asserted  here  that  tanks  as  well 
as  screens  have  their  place,  although  perhaps  they  are  less  impor- 
tant in  the  larger  plants. 

One  advantage  of  this  tank  is  particularly  worthy  of  note, 
and  that  is  in  connection  with  combined  sewer  systems.  With 
a  single  story  tank  the  storm  sewage  must  be  diverted  from  the 
tank  on  account  of  the  disturbance  caused  in  the  process,  but 
in  the  two-story  tank,  by-passes  are  often  unnecessary  and  the 
sedimenting  value  of  the  tank  can  be  to  a  great  extent  realized 
during  storm  flow. 

Mr.  Fuller,  in  discussing  the  Kings  Park  plant,  makes  the 
statement  that  an  attendant  visits  that  plant  once  a  day  for  a  few 
minutes,  and  then  says  that,  in  the  case  of  an  Emscher  tank, 
the  regular  employment  of  a  laborer  would  be  necessary  to  at- 
tend to  the  sludge  bed.  This  is  not  a  fair  comparison  because 
the  cost  of  handling  the  sludge  in  the  ditches  of  the  two-tank 
system  and  Kings  Park  is  not  referred  to,  while  the  handling 
of  sludge  is  referred  to  in  the  case  of  the  Imhoff  tank;  moreover 
with  a  population  of  3  000  or  4  000,  the  amount  of  sludge  dried 
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on  the  bed  should  not  be  over  o.i  cu.  yd.  per  day.,  which,  if 
handled  daily,  or  even  once  a  week,  could  hardly  call  for  the  con- 
tinuous employment  of  a  laborer. 

At  a  plant  in  Baltimore  treating  about  2  500  000  gal.  per  day, 
recently  visited  by  the  writer,  the  double  tank  system  was  used 
and  the  odor  from  the  sludge  was  extremely  disagreeable  at  a  dis- 
tance of  several  hundred  feet.  The  odor  arising  from  ground 
used  in  the  trench  treatment  of  sewage  has  been  noticed  by  the 
writer  to  be  quite  offensive,  notably  at  Hampton  and  Birming- 
ham, England.  On  the  other  hand,  at  none  of  the  sludge  beds 
in  the  Emscher  district  "was  any  odor  perceptible,  either  at  a 
distance  of  3  in.  or  greater. 

The  writer  agrees  with  Mr.  Fuller  that  the  Emscher  tank 
can  probably  be  modified  in  its  design  in  many  cases  for  the  sake 
of  economy,  although  he  would  not,  as  Mr.  Stevenson  suggests, 
use  the  inverted  cone,  as  ordinarily  the  lower  walls  are  more 
easily  constructed  in  cylindrical  or  rectangular  form.  With  the 
more  dilute  American  sewages,  the  lower  compartment  of  the 
tank  might  be  considerably  reduced  in  size  and  still  contain 
sufficient  sludge  storage  capacity. 

[Note.  — Further  discussion  of  this  paper  is  invited,  to  be  received  by 
Fred.  Brooks,  Secretary,  31  Milk  Street,  Boston,  by  Sept.  15,  1911,  for  pub- 
lication in  a  subsequent  number  of  the  Journal.] 
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THE  HUDSON  SEWAGE   DISPOSAL    SYSTEM    AND    THE   DISAS- 
TROUS EFFECTS  OF  WOOL  WASTE. 


By   Frank  A.    Barbour,    Member   of   the   Boston   Society   of    Civil 

Engineers. 


[Presented  to  the  Sanitary  Section,  March  1,  191 1.] 

The  incapacitation,  in  1908-1909,  of  the  sewage  disposal 
plant  of  the  town  of  Hudson  by  the  admission  of  wool  waste 
illustrates,  although  in  a  rather  unusual  manner,  the  disturbing 
effect  of  one  kind  of  trade  effluent  on  the  operation  of  purification 
works,  and  calls  attention  to  the  necessity  for  discrimination 
by  those  in  charge  of  sewerage  systems  as  to  the  character  of 
such  trade  effluents  to  be  admitted  to  the  sewers. 

In  1908  the  local  board  of  health  ordered  the  Hudson  Worsted 
Company  to  connect  with  the  public  sewers  and  so  remove  its 
waste  from  the  Assabet  River,  into  which  stream  it  had  previously 
been  discharged.  The  Board  of  Public  Works,  in  granting  the 
permit,  stipulated  that  an  adequate  settling  tank  should  be 
provided  for  treatment  preliminary  to  the  entrance  of  the  waste 
into  the  sewer,  the  company  stating  orally  at  a  conference  the 
probable  quantity  to  be  handled. 

The  connection  with  the  sewer  was  made  August  21,  1908, 
and  within  a  few  days  the  effect  of  the  wool  fats  on  the  operation 
of  the  sand  filters  became  noticeable,  and  during  the  winter  of 
1908-1909  the  beds  slowed  down  to  a  point  where  they  were 
continually  covered  with  liquid  to  a  depth  of  several  feet.  Re- 
lief was  sought  by  the  town  in  the  form  of  an  injunction  requiring 
the  Worsted   Company  to  remove  its  waste  from  the  sewers, 
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the  company  replying  that  it  had  connected  by  order  of  the  local 
board  of  health  and  denying  its  responsibility  for  the  failure  of 
the  disposal  works  to  effect  purification,  which,  it  alleged,  was 
due  to  improper  management  of  the  plant. 

As  a  result  of  covering  the  sand  with  wool  fats,  nitrification 
practically  ceased,  and  the  filtrate  differed  but  little  in  appear- 
ance from  the  raw  sewage.  Consequently  pollution  of  the 
river  followed,  and  Mr.  A.  D.  Gleason,  a  manufacturer  of  woolen 
cloths,  located  on  the  river  one  and  three-fourth  miles  below  the 
disposal  plant,  brought  suit  against  the  town  of  Hudson  and  the 
Hudson  Worsted  Company,  alleging  such  contamination  of  the 
stream  as  to  render  impossible  the  use  of  the  water  in  dyeing 
operations.  This  action  on  the  part  of  Mr.  Gleason  diverted 
attention  from  the  application  of  the  town  for  an  order  requiring 
the  removal  of  the  wool  waste  from  the  sewer,  and  this  waste 
continued  to  be  discharged  into  the  public  system  until  Septem- 
ber, 1909,  when  the  grease  recovery  plant,  to  be  subsequently 
described,  was  ready  for  use. 

In  answer  to  the  application  of  Mr.  Gleason  for  an  injunction 
preventing  further  pollution  of  the  stream,  the  Hudson  Worsted 
Company  replied  that  it  was  having  studies  and  plans  made  for 
the  treatment  of  its  waste,  and  that  an  adequate  plant  would  be 
put  in  operation  August  1,  1909,  —  a  date  subsequently  changed 
to  September  1 ,  —  and  it  further  agreed  to  construct  at  the 
Gleason  works  a  temporary  sand  filter  for  the  improvement  of 
the  river  water  used  in  these  works,  until  the  grease  recovery 
plant  should  be  in  operation.  The  town  of  Hudson,  on  its  part, 
undertook,  in  September,  1909,  the  enlargement  of  the  disposal 
works. 

The  case  of  Gleason  versus  the  town  and  the  Worsted 
Company  for  damages  resulting  from  pollution  of  the  river  was 
submitted  to  a  Master,  and  after  running  through  many  days 
was  finally  practically  abandoned. 

When  the  disastrous  effect  of  the  wool  waste  on  the  disposal 
plant  was  first  brought  to  the  attention  of  the  Worsted  Com- 
pany, the  attitude  of  this  company  was  that  the  town  must  make 
provision  for  the  disposal  of  its  waste  by  such  modification  of 
the  disposal  plant  as  might  be  necessary,  denying  any  obligation 
to  submit  the  waste  effluent  to  such  preliminary  treatment  as 
would  render  its  purification  possible  by  ordinary  methods  in 
conjunction  with  the  normal  town  sewage.  Later,  with  the 
advent  of  a  lower  proprietor  on  the  stream  as  plaintiff,  this 
company,  as  has  been  stated,  realized  that  it  must  treat  its 
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effluent  and,  once  convinced  of  this,  immediately  turned  to  the 
possibility  of  obtaining  some  return  from  the  necessary  expendi- 
ture by  recovering  the  fats.  To  work  out  this  problem,  Mr. 
Weston  was  retained  and  to-night  he  will  describe  the  works 
constructed  and  the  results  obtained  to  date. 

Before  attempting  a  more  detailed  statement  of  the  effect 
of  the  wool  waste  on  the  operation  of  the  disposal  plant,  a  brief 
description  of  the  Hudson  sewerage  system  may  be  of  value. 
Hudson  is  a  town  of  6  700  people,  located  on  the  Assabet  River, 
which  at  this  point  has  a  watershed  of  seventy-five  square  miles 
area.  The  installation  of  sewers  was  begun  in  1903,  and  practi- 
cally completed  two  years  later.  The  sewage  flows  to  a  pump  well 
of  10  000  gal.  capacity,  first  passing  through  a  screen  of  |  in. 
square  bars  placed  1  in.  on  centers.  From  the  well  the  sewage  is 
lifted  by  centrifugal  pumps  of  500  gal.  per  minute  capacity, 
electrically  driven,  and  started  and  stopped  automatically  by 
switches  actuated  by  floats  in  the  pump  well.  The  pumping 
apparatus  is  installed  in  duplicate.  The  sewage  passes  from 
the  pump  through  a  12-in.  cast-iron  force  main,  5  000  ft.  long, 
to  a  disposal  plant  adjacent  to  the  river  and  1.6  miles  below  the 
center  of  the  town. 

The  disposal  works,  as  originally  constructed,  included 
settling  tanks  of  300  000  gal.  capacity  in  four  units,  and  six 
acres  of  filtration  area  divided  into  fifteen  sewage  beds  of  f  acre 
each,  and  one  sludge  bed,  the  latter  placed  directly  in  front  of  the 
settling  tank  and  with  its  surface  at  such  an  elevation  as  to  per- 
mit the  discharge  of  sludge  from  the  tanks.  The  sand  varied  in 
effective  size  from  0.10  to  0.60  mm.,  and  perhaps  averaged  0.30 
mm.  Two  lines  of  underdrains  were  laid  in  each  bed  at  depths 
varying  from  five  to  six  feet  below  the  surface,  all  drains  being 
connected  with  a  single  main  outlet  leading  to  the  river. 

The  sewage,  after  passing  through  such  of  the  settling  tanks 
as  may  be  in  use,  flows  over  an  aerator  and  thence  to  a  dosing 
tank,  from  which  it  is  intermittently  discharged  in  doses  of  13  000 
gal.  at  a  rate  of  3.5  cu.  ft.  per  second.  An  apparatus  in  the 
dosing  tank  automatically  shifts  the  discharge  through  a  cycle 
of  four  outlet  pipes,  through  each  of  which  four  beds  may  be 
reached.  The  size  of  dose  may  be  changed,  but  that  usually 
applied  is  equivalent  to  a  little  more  than  one  inch  in  depth  on 
the  sand  surface,  and  experience  has  proved  that  the  rate  of 
discharge  —  equal  to  I  cu.  ft.  per  second  for  each  5000  sq.  ft. 
of  area  —  will  effect,  on  the  ordinary  sand  bed,  good  distribution. 

The  system  was  first  used   in   November,    1904,  and   the 
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number  of  connections  gradually  increased  to  about  500  in  1910, 
serving  perhaps  3  000  people.  In  addition  to  the  Worsted  Com- 
pany, there  are  five  other  manufactories,  —  three  shoe  shops, 
a  rubber  factory  and  tannery.  Only  the  latter,  which  connected 
with  the  sewer  June  I,  1909,  is  of  any  significance  in  the  present 
discussion.  From  this  plant  about  50  000  gal.  are  discharged 
daily  into  the  sewers,  the  liquid  first  passing  through  a  hopper- 
bottomed  tank  of  10  000  gal.  capacity,  which  provides  two  hours' 
sedimentation,  and  by  which  a  considerable  percentage  of  the 
suspended  solids  is  removed.  This  waste  liquid  has  an  alkalinity 
of  80  parts  per  100  000,  a  fact  of  interest  in  connection  with 
the  possible  neutralization  of  the  acid  effluent  from  the  treatment 
plant  of  the  Worsted  Company. 

From  1905  to  1908  the  amount  of  sewage  gradually  increased, 
averaging  about  175000  gal.  per  day,  and  varying  from  this 
amount  in  different  seasons  by  reason  of  leakage.  The  method  of 
operating  the  disposal  plant  included  the  use  of  three  of  the  four 
settling  tanks  and  the  application  of  the  sewage  to  all  the  beds 
in  turn  during  the  summer,  except  four  which  were  used  each 
winter  and  allowed  to  remain  idle  during  the  remainder  of  the 
year.  This  was  not  the  best  possible  practice,  as  the  application 
of  175  000  gal.  per  day  to  four  beds,  or  one  and  one-half  acres 
of  sand  area,  resulted  in  too  high  a  rate,  while  the  bringing  into 
use  each  spring  of  all  the  other  beds  did  not  furnish  the  conditions 
necessary  for  the  proper  development  of  nitrification.  The  fil- 
trate was,  however,  throughout  of  good  quality,  although  not 
as  good  as  would  have  been  obtained  by  more  regular  use  of  the 
available  area  and  greater  care  in  the  removal  of  weeds  and  the 
grading  of  bed  surfaces. 

As  already  stated,  the  Hudson  Worsted  Company  con- 
nected with  the  sewer  August  21,  1908.  On  October  15,  the 
writer  was  called  in  to  advise  the  authorities  as  to  the  best  means 
of  meeting  the  emergency  resulting  from  the  entrance  of  this 
wool  waste  into  the  system.  In  less  than  two  months  the  filters, 
on  which  it  had  previously  been  difficult  to  properly  distribute 
the  sewage,  because  of  the  coarseness  of  the  sand  and  its  rapid 
disappearance  below  the  surface,  had  become  so  clogged  as  to 
make  it  impossible  to  pass  through  the  six  acres  of  beds  200  000 
gal.  per  day  without  allowing  the  sewage  to  stand  a  foot  or  more 
deep  above  the  sand. 

The  Hudson  Worsted  Company  receives  wool  in  the  fleece, 
and  the  finished  products  are  tops,  noils,  comb  waste  and  card 
waste.      The   operation    of    interest    to   the    present   discussion 
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is  the  scouring  and  rinsing  of  the  wool  in  two  sets  of  bowls  by 
solutions  of  alkalies  and  vegetable  soaps,  at  temperatures  varying 
from  50  to  130  degrees.  These  bowls,  which  have  a  capacity 
of  about  8  400  gal.,  are  generally  emptied  three  times  daily,  the 
period  of  discharge  taking  less  than  thirty  minutes  and  the  total 
daily  outflow  being  about  25  000  gal.  At  the  time  of  connecting 
with  the  sewer  an  addition  was  made  to  the  small  settling  tanks 
previously  in  use,  and  during  the  period  when  the  waste  entered 
the  sewer  the  total  capacity  of  the  settling  tanks  was  about 
6  000  gal.,  or  less  than  the  contents  of  the  two  sets  of  bowls. 
It  is  evident,  therefore,  that  the  resulting  sedimentation  could 
do  little  more  than  remove  the  heavier  dirt  and  the  grease  im- 
mediately coagulated  by  the  falling  temperature  and  left  in  the 
settling  tank  when  discharge  from  the  bowls  ceased. 

The  shrinking  of  wool  in  scouring,  depending  on  its  charac- 
ter, ranges 'from  25 — 65  per  cent.,  with  an  average  of  perhaps  40 
per  cent.  Analyses  of  the  effluent  after  passing  through  the 
settling  tanks  at  the  mill  showed  an  average  of  2  000  parts  per 
100  000  of  total  residue,  and  800  parts  of  fats,  equal  for  the 
25  000  gal.  outflow  to  4  000  lb.  total  residue  and  I  600  lb.  fats 
per  day  entering  the  sewer. 

Early  in  1908  the  Hudson  Water  Department,  owing  to  a 
shortage  of  supply  during  the  preceding  season,  completed  the 
installation  of  meters,  so  reducing  the  consumption  that  the 
sewage  during  the  summer  of  this  year  amounted  to  only  150  000 
gal.  daily.  With  this  the  25  000  gal.  of  wool  waste  was  mixed 
and  the  resulting  compound  as  it  entered  the  settling  tanks  at 
the  disposal  plant  contained  300 — 400  parts  total  residue  and 
150 — 250  parts  fat,  about  one  half  of  these  amounts  being  removed 
by  sedimentation  in  the  settling  tanks  and  the  remainder  passing 
on  to  the  filters.  Compared  with  these  figures,  average  sewage 
contains  about  60  parts  total  residue  and  5  to  10  parts  fat  per- 
100  000  parts. 

The  result  of  applying  this  abnormal  liquid  to  the  filters 
was  the  filling  of  the  interstices  of  the  sand  with  fats  and  other 
matter  to  varying  depths,  depending  on  the  size*  of  particle, 
the  exclusion  of  the  air  necessary  for  purification  and  the  con- 
sequent disappearance  of  nitrates  and  the  increase  of  iron  and 
development  of  its  attendant  evil,  Crenothrix,  in  the  under- 
drains.  Purification  practically  ceased,  and  the  filtrate,  except 
for  the  mechanical  straining  out  of  suspended  matter,  differed 
but  little  from  the  sewage,  containing  at  times  more  than  10 
parts  of  fat.     During  the  winter  of  1908-1909  the  difficulty  of 
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passing  the  sewage  through  the  niters  increased,  and  in  the  spring 
all  the  beds  were  covered  to  a  depth  of  several  feet  by  liquid, 
which  could  only  be  removed  by  cutting  trenches  through  the 
embankments  and  draining  on  to  adjacent  land. 

As  soon  as  the  niters  were  uncovered  it  became  apparent 
that  either  a  considerable  depth  of  the  sand  must  be  removed 
and  replaced  or  an  additional  area  of  filters  must  be  constructed 
if  the  town  was  to  be  in  a  position  to  purify  the  sewage  and  meet 
its  obligation  to  lower  proprietors,  and  particularly  to  the 
plaintiff  on  the  river  below. 

Samples  of  the  surface  scum  on  the  beds  showed  it  contained 
15 — 25  per  cent,  fats,  and  that  in  samples  of  sand  collected  3 
to  6  in.  below  the  surface  there  were  10 — 1  500  parts  of  fat  per 
100  000  parts;  in  samples  taken  I  ft.  below  the  surface,  5 — 200 
parts ;  2  ft.  below  the  surface,  I — 200  parts ;  and  3  ft.  below  the 
surface,  3 — 50  parts;  the  variation  of  the  amounts  at  different 
depths  being  due  to  varying  degrees  of  coarseness  of  the  sand  in 
different  parts  of  the  field.  In  filters  under  normal  conditions 
the  fat  contents  vary  from  a  maximum  of  50  parts  per  100  000 
at  the  surface  to  5  parts  at  a  depth  of  2  ft. 

Evidently  a  removal  of  the  clogged  sand  and  the  replacement 
of  new  sand  involved  a  considerable  undertaking  and  one  in 
which  it  would  be  difficult  to  determine  in  actual  work  where  to 
draw  the  line.  On  the  other  hand,  there  was  the  possibility  that, 
by  rest,  the  old  filters  would  recover,  and  that  if  a  sufficient  new 
area  could  be  constructed  to  care  for  the  sewage,  for  a  time,  at 
an  expense  not  much  greater  than  the  cost  of  removing  and  re- 
placing sand  in  the  old  filters,  this  would  be  the  best  investment. 
Such  a  course  was  accordingly  followed  and  3  acres  of  sand 
niters  were  added  by  constructing  four  beds  of  f  acre  each  at 
the  east  and  west  ends  of  the  disposal  field. 

Up  to  September  1,  1909,  when  the  wool  waste  was  removed 
from  the  sewer,  the  sewage  had  been  applied  to  the  old  beds, 
which  by  frequent  scraping  were  kept  in  such  condition  that  the 
applied  liquid  passed  through,  but  with  little  purification.  Soon 
after  the  removal  of  the  wool  waste  from  the  sewers  the  beds 
began  to  improve,  the  accumulated  fats  gradually  disappearing, 
first  at  the  surface,  and  more  slowly  at  lower  depths,  until  at 
the  present  time  the  sand  has  largely  recovered  its  former  capacity 
for  purification.  This  change  is  evidenced  by  the  nitrates  of  the 
filtrate,  which,  while  practically  absent  in  1909,  increased  in 
1910  to  a  maximum  of  2.37  parts  per  100  000,  and  by  the  decrease 
in  free  ammonia  and  iron,  the  former  from  a  maximum  of  88. 
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parts  in  1909  to  0.72  parts  in  1910,  and  the  latter  from  a  maximum 
from  9.6  parts  in  1909  to  0.025  parts  in  1910.  The  analyses  of 
the  sewage,  tank  effluent  and  filtrate  are  shown  in  greater 
detail  in  a  chart  which  was  made  up  from  figures  kindly 
furnished  by  Mr.  Goodnough,  of  the  State  Board  of  Health. 
The  recovery  of  the  filters,  which  has  been  accomplished  by 
keeping  the  surface  open  by  frequent  raking  and  applying  sewage 
from  time  to  time,  suggests  that  if  there  had  been  domestic 
sewage  sufficient  to  adequately  dilute  the  wool  waste,  and  larger 
area  of  filters,  the  difficulty  of  purifying  the  combined  liquid 
might  not  have  occurred. 

The  grease  recovery  plant  having  been  placed  in  commission 
by  the  Worsted  Company,  the  question  arose  as  to  whether 
the  resulting  effluent  was  of  such  character  as  to  justify  its 
admission  to  the  sewer,  and  as  to  what  standard  should  be  re- 
quired by  the  town  as  a  condition  on  which  this  effluent  would 
again  be  received  into  the  system.  In  this  connection  it  should 
be  mentioned  that  in  the  1909  session  of  the  Legislature,  and 
largely  as  a  result  of  the  visit  of  the  Drainage  Committee  to 
Hudson,  an  act  was  passed,  Chapter  433,  Acts  of  1909,  by  which 
the  local  authorities  in  charge  of  sewerage  systems  are  authorized 
to  make  such  regulations  as  to  prevent  the  entrance  of  any 
substance  which  may  tend  to  interfere  with  the  flow  of  sewage 
or  the  proper  operation  of  a  sewerage  system  or  disposal  works. 

After  some  consideration  the  Board  of  Public  Works  re- 
quested the  advice  of  the  State  Board  of  Health  in  regard  to  a 
standard  for  the  effluent  of  the  Worsted  Company  plant,  and 
this  board  recommended  that  the  fats  be  limited  to  25  parts 
and  the  acidity  to  100  parts  per  100  000.  However,  before  it 
was  demonstrated  that  this  standard  could  be  reached,  an  in- 
junction was  granted  Mr.  A.  D.  Gleason  restraining  the  Worsted 
Company  from  again  entering  the  public  sewers  of  the  town  of 
Hudson,  and  the  effluent  from  the  grease  recovery  plant  con- 
tinues to  run  into  the  river.  This  effluent  has  for  eight  months 
averaged  well  below  the  required  standard  for  fats,  but  has 
exceeded  the  limit  of  acidity  set  by  the  town,  a  result  difficult 
to  avoid  without  final  neutralization  by  lime.  There  is  ample 
alkalinity  in  the  river  to  counteract  the  acidity  of  the  effluent, 
and  there  appears  to  be  no  reason  why  it  should  not  continue 
to  enter  the  stream. 

Several  interesting  general  considerations  are  suggested  by 
the  Hudson  case.  In  the  first  place,  why  should  a  city  or  town 
undertake  to  dispose  of  liquid  manufactural  waste   any  more 
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than  the  waste  from  other  manufactural  processes  which  happens 
to  be  in  solid  form?  Certainly  this  can  only  be  done  without 
injustice  to  other  taxpayers  when  the  trade  waste  is  no  more 
difficult  or  entails  no  more  expense  to  treat  than  ordinary 
sewage,  and  then  only  when  the  return  to  the  community  is  so 
determined  as  to  express  the  relative  benefit  derived  by  each 
user  of  the  sewer.  Again,  how  can  local  authorities  be  expected 
to  know  the  character  of  manufactural  waste  or  the  plant  neces- 
sary for  its  treatment?  If  admitted  to  the  sewer,  it  is  sometimes 
difficult  to  effect  its  removal,  and,  as  shown  by  the  Hudson 
incident,  great  damage  can  be  done  in  a  short  time.  Further, 
the  additional  expense  in  operation  resulting  from  the  admission 
of  trade  waste  is  not  easily  figured,  nor  is  it  easy  to  demonstrate 
that  the  standard  set  for  the  effluent  before  admission  to  the 
sewer  is  not  reached.  Conditions  similar  to  those  in  Hudson 
resulted  in  the  Westboro  disposal  system  from  the  disturbing 
effects  of  the  discharge  of  a  yeast  factory.  In  Peabody  at  the 
present  time  it  is  apparently  impossible  so  to  prevent  the  en- 
trance of  solid  matter  from  tanneries  as  to  permit  the  maintenance 
of  a  clean  trunk  sewer.  The  authority  granted  sewer  commis- 
sioners and  the  State  Board  of  Health  to  order  the  removal  or 
to  require  the  treatment  of  trade  waste  is  a  step  forward,  but 
how  is  the  necessary  treatment  to  be  worked  out?  At  present 
manufacturers  expect  their  waste  to  be  taken  care  of,  and  even 
when  convinced  that  some  method  of  preliminary  purification 
is  necessary  rest  their  case  on  the  statement  that,  when  shown 
what  they  should  do,  they  will  do  it.  The  fact  that  the  burden 
of  the  problem  rests  on  the  manufacturers  should  be  more  clearly 
made  apparent,  and  this  particularly  because  of  the  doubt  as  to 
whether  manufactural  waste  can  be  legitimately  considered 
sewage,  and  whether  a  town  has  a  right  to  take  under  eminent 
domain  the  additional  land  necessary  for  its  disposal,  or  to  dis- 
charge an  effluent  into  a  water  course  more  or  less  influenced 
by  its  admixture  with  the  sewage,  or,  perhaps,  to  levy  assess- 
ments based  on  the  additional  cost  resulting  from  its  entrance 
into  the  system. 

Further,  in  the  opinion  of  the  writer,  the  addition  of  trade 
waste  should  be  determined  by  its  character  and  without  regard 
to  the  quantity  to  be  discharged  or  the  possible  counteracting 
effect  of  some  other  constituent  in  the  town  sewage.  To  illus- 
trate: An  amount  of  wool  waste  small  in  proportion  to  the 
domestic  sewage  may  not  seriously  interfere  with  the  purifi- 
cation of  the  combined  liquid,  but  having  established  the  pre- 


HUDSON  SEWAGE  DISPOSAL  AND  WOOL  WASTE.  67 

cedent  of  admitting  a  small  quantity  from  one  manufacturing 
plant,  what  is  to  be  done  if  another  plant  starts  up  and  makes 
application  for  the  admission  of  another  small  amount  of  similar 
waste?  Again,  if  in  some  other  type  of  plant  an  alkaline  effluent 
is  being  discharged  which  might  counteract  the  acidity  of  another 
effluent,  how  can  it  be  known  that  this  first  plant  will  continue 
to  operate  ?  Still  further,  while  there  is  no  doubt  that,  when  mixed 
with  a  sufficient  quantity  of  domestic  sewage,  almost  any  trade 
waste  can  be  purified,  which  one  of  several  manufacturers  would 
be  responsible  for  the  limit  being  reached?  At  Peabody  the  dis- 
charge of  the  untreated  waste  from  a  considerable  number  of 
tanneries  probably  would  not  seriously  interfere  with  the  main- 
tenance of  the  intercepting  sewer,  but,  when  fifty  tanneries 
connect,  the  result  is  such  that  all  must  be  required  to  provide 
preliminary  treatment. 

In  short,  the  only  logical  and  safe  basis  is  to  admit  to  the 
sewer  such  trade  effluent  as,  independent  of  its  quantity,  or  the 
quantity  or  character  of  the  town  sewage,  will  have  no  disturbing 
effect  on  the  operation  of  the  municipal  system. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  October  1,  191 1,  for  publi- 
cation in  a  subsequent  number  of  the  Journal.] 


THE  DISPOSAL  OF  MANUFACTURING  WASTE. 


By  R.  S.  Weston,  Member  Boston  Society  of  Civil  Engineers. 


[Presented  to  the  Sanitary  Section,  March  I,  191 1.] 

The  problem  of  manufacturing  waste  disposal  must  neces- 
sarily in  the  future  demand  a  good  deal  of  attention  on  the  part 
of  those  who  have  to  do  with  municipal  problems.  The  subject 
is  equally  important  to  the  manufacturer,  but  has  been  little 
discussed  from  his  standpoint. 

No  manufacturer  pollutes  a  stream  from  choice.  On  the 
other  hand,  he  very  rarely  has  a  proper  conception  of  the  relation 
between  his  business  and  the  character  of  the  water  in  the  stream 
on  which  his  factory  may  be  located.  For  example,  streams 
which  are  good  for  the  water  supply  of  paper  and  textile  mills 
often  have  attractive  banks  and  drainage  areas.  They  attract 
population  and  pleasure  seekers.  Naturally  factories  follow. 
Factories  in  turn  attract  population,  so  that  where  factories  are, 
there  will  the  people  be  gathered  together.  Both  have  a  right 
to  use  the  stream  properly.  They  have  a  mutual  interest  in  the 
prosperity  of  the  locality.  It  is  not  necessary  to  turn  the  banks 
of  every  stream  into  a  park,  and  only  certain  streams  can  be 
used  for  sources  of  drinking  water  supplies,  as  it  is  absolutely 
impracticable  under  modern  conditions  to  restore  streams  used 
for  manufacturing  to  their  pristine  purity  or  to  maintain  them 
in  a  condition  fit  for  drinking.  However,  the  water  can  be 
filtered  and  the  waste  and  sewage  purified. 

But  if  the  stream  water  be  filtered  or  even  abandoned  as  a 
source  of  water  supply,  there  is  a  desire  on  the  part  of  the  manu- 
facturer to  use  the  stream,  and  desire  on  the  part  of  the  com- 
munity to  have  manufacturing  processes  create  no  nuisance 
and  cause  no  interference  with  the  use  of  the  stream  for  pleasure 
purposes.  It  seems  that  some  scheme  must  be  devised  by  our 
legislators  and  sanitary  authorities  to  make  such  adjustments 
in  laws  and  conditions  that  all  may  use  the  streams,  each  indi- 
vidual respecting  the  rights  of  all  others. 

The  conditions  confronting  many  manufacturers  are  rather 
onerous.  Others  are,  unfortunately,  rather  neglectful  of  their 
obligations.     Many  manufacturers  fail  to  consider  the  cost  of 
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waste  disposal  as  part  of  the  manufacturing  cost,  to  be  included 
in  the  cost  of  the  goods  just  as  much  as  the  labor  cost;  and 
although  they  are  at  a  disadvantage  in  manufacturing  where 
it  is  necessary  to  spend  money  for  the  disposal  of  waste,  there 
is  compensation  in  that  the  necessity  for  waste  disposal  usually 
arises  in  the  vicinity  of  a  good  market  for  their  goods. 

There  are  a  great  many  ways  of  meeting  the  situation,  but 
unfortunately  most  of  the  problems  in  this  country  have  been 
studied  by  the  manufacturer  in  a  rather  amateurish  fashion. 
His  desire  must  be  to  do  the  least  that  can  be  done.  It  is 
the  mental  attitude  he  naturally  assumes;  for  he  is  manufactur- 
ing cloth  or  paper  or  leather;  he  is  not  running  a  sewage  disposal 
plant,  and  for  that  reason  cannot  be  expected  to  give  especial 
attention  to  something  that  is  a  burden  upon  his  business. 

In  spite  of  the  assertions  of  some  political  economists,  none 
of  the  wastes  now  going  into  sewers  can  ever  be  turned  into  a 
source  of  great  profit;  but  some  of  the  waste  disposal  processes 
can  be  made  self-supporting. 

The  best  example  is  the  process  for  recovering  wool  grease 
from  water  which  has  been  used  to  wash  or  scour  wool.  The 
financial  problem  is  not  yet  solved.  The  demand  for  recovered 
grease  is  limited.  The  price  has  been  forced  down,  by  the  com- 
petition of  a  number  of  grease-recovering  plants  and  a  reduction 
in  tariff,  to  about  if  cents  per  pound.  This  does  not  cover  the 
cost  of  operating  a  plant  of  ordinary  size,  and  it  will  hardly  pay 
the  cost  of  operation  alone  for  plants  handling  half  a  million 
pounds  of  wool  a  week. 

Wool  waste  is  a  very  complex  substance.  It  is  the  result 
of  washing  wool  in  water  containing  soap  and  alkali.  For 
economical  reasons  this  waste  is  necessarily  concentrated, 
frequently  containing  3  per  cent,  of  solid  matter  and  from  I 
per  cent,  to  1.5  per  cent,  of  fats.  The  wool  itself  varies  greatly 
in  character.  It  comes  frcm  many  parts  of  the  world  and  con- 
tains from  30  per  cent,  to  80  per  cent,  of  impurities,  which  can 
be  readily  removed.  It  contains  the  so-called  suint  and  also  the 
true  wool  grease,  both  of  which  exude  from  the  body  of  the 
animal.  It  also  contains  the  dirt  mechanically  mixed  with 
or  entangled  among  the  fibers.  Naturally  this  dirt  consists 
of  the  excrement  of  the  sheep  as  well  as  particles  of  soil  and 
vegetation,  for  example,  burrs.  The  soil  varies  with  the 
geology  of  the  locality.  It  may  be  clay  or  sand.  The  territory 
wools,  wools  from  this  country,  are  very  dirty,  while  the  Aus- 
tralian wool  is  comparatively  clean;    and  it  often  happens  that 
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the  wools  which  are  dirtiest  and  require  the  most  washing 
contain  the  least  fat.  Wool  waste  contains  two  valuable  products, 
the  potash  salts  and  the  true  wool  grease.  The  latter  is  a  wax 
rather  than  a  fat;  that  is,  it  will  not  readily  saponify  at  ordinary 
temperatures  with  an  alkali  to  form  a  soap.  It  readily  emulsi- 
fies with  water,  and  it  is  this  property  which  makes  its  recovery 
difficult.  The  wool  grease  itself  varies  greatly  in  its  melting- 
point;  and  the  lower  the  melting  point,  the  more  difficult  it  is 
to  separate  it  from  its  watery  emulsion.  This  variation  is  a 
function  of  the  temperature,  wool  from  the  colder  climates 
containing  grease  of  lower  melting  point. 


Hudson    Worsted   Co. 

Hudson     Mass 

Waste      Disposal. 


Briefly,  the  processes  for  grease  recovery  from  wool  waste 
may  be  separated  into  three  different  classes.  First,  the  pure 
mechanical  recovery  of  the  grease  from  the  suds  by  beating  and 
skimming  ("  battage  ").  This  process  is  employed  in  France 
with  some  degree  of  financial  success.  Second,  the  process  of 
treating  the  waste  with  some  acid  or  some  acid  salt,  precipi- 
tating the  greasy  sludge  from  the  liquor  and  then  recovering  the 
grease  from  the  sludge,  either  by  first  pressing  the  sludge  in  a 
filter-press  and  then  steaming  out  the  wool  grease  from  the 
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Hudson  Worsted  Company. 


Cooling  Tower  for  Raw  Waste. 


Bagging  .Sludge  from  Sludge  Beds. 
Sludge  was  emptied  from  settling  basin  and  dried. 


Hudson  Worsted  Company. 


Hudsun  Worsted  Company. 
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filter-press  cake  by  means  of  superheated  steam  admitted  to  the 
press;  or  by  drying  the  sludge  on  beds  or  otherwise  and  then 
forming  it  into  cakes  or  "  puddings  "  with  the  aid  of  bagging 
and  pressing  these  puddings  out  in  a  hydraulic  press  surrounded 
\yith  a  steam  jacket.  It  is  this  latter  process  that  is  employed 
at  Hudson,  Mass. 

This  consists  of,  first,  a  settling  tank  which  receives  all  the 
wool  waste  from  the  factory.  This  waste  is  at  too  high  a  tem- 
perature at  most  times  of  the  year  to  enable  one  to  effect  the 
precipitation  of  the  grease  from  those  wools,  because  the  melting 
point  of  the  wool  fat  is  so  low  that  it  won't  separate  from  the 
liquor  after  being  treated  with  acid;  so  it  is  necessary,  second, 
to  put  the  waste  through  a  cooling  tower  to  get  the  temperature 
down  to  80  degrees  fahr.  or  below.  The  third  step  is  to  pump 
the  waste  into  one  of  three  treating  tanks,  each  holding  18  000 
gal.  of  waste.  Then  from  800  to  1  100  lb.  of  sulphuric  acid  is 
added  to  the  18  000  gal.  of  suds,  and  the  whole  mass  agitated 
with  air.  After  settling,  the  sludge  separates  out  and  the  clear 
liquor  is  decanted  through  a  settling  tank  discharging  on  the 
filter  beds,  and  the  effluent  from  the  filter  beds  runs  into  the 
stream. 

The  settled  sludge  contains  the  grease.  It  settles  out  in 
the  treating  and  settling  tanks  and  on  the  surface  of  the  filter 
beds.  The  practice  at  Hudson  is  to  allow  the  settled  treated 
waste  to  run  through  another  settling  tank  holding  about  one 
tankful  of  waste.  The  effluent  is  discharged  on  a  partially  clogged 
filter  bed  and  then  decanted  from  that  into  a  recently  scraped  bed. 
These  beds  are  shallow,  1  000  sq.  ft.  in  area  each,  and  filled  with 
about  2  ft.  of  cinders,  covered  with  about  4  in.  of  sand  and  this 
in  turn  with  a  coating  of  sawdust,  the  sawdust  serving  to  retain 
grease,  which  otherwise  would  tend  to  pass  through  the  filter, 
and,  furthermore,  to  show  a  sharp  line  of  demarcation  between 
the  filtering  layer  and  the  sludge  layer.  The  effluent  from  these 
beds  at  Hudson  is  discharged  into  the  stream. 

The  sludge  from  the  treating  tanks  is  passed  into  sludge 
beds,  and  after  several  days'  treatment  the  sludge  is  made  into 
puddings  by  being  folded  into  squares  of  wool  sacking. 
Several  layers  of  these  sacks  are  placed  between  successive 
iron  plates  in  the  hydraulic  press.  They  are  then  steamed  and 
squeezed.  The  grease,  mixed  with  hot  water,  runs  out.  It  is 
then  decanted.  The  grease,  of  course,  rises  to  the  top  and  is 
skimmed  off,  and  the  greasy  water  is  put  back  into  the  tanks 
for  retreatment.     The  skimmed-off  grease  is  refined  by  being 
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boiled  with  steam  and  sulphuric  acid,  redecanted  and  barreled. 
This  process  furnishes  a  wool  grease  which  contains  a  small 
percentage  of  water  and  acid  and  has  an  acrid  "  sheepfold  " 
odor.  It  is  used  for  stuffing  leather,  for  making  axle  grease  and 
has  a  few  other  common  uses.  It  has  a  market  price  of  some- 
thing less  than  2  cents  a  pound.  Because  of  its  odor  and  acidity 
its  uses  are  limited. 

The  third  process  of  recovering  wool  grease  is  to  evaporate 
the  alkaline  suds  as  they  come  from  the  scouring  bowls  and  then 
to  separate  the  grease  from  the  hot  evaporated  mixture  by  means 
of  a  centrifugal  machine.  This  process  has  been  used  success- 
fully in  England  and  in  Germany,  but  not  in  this  country  as 
yet.  It  has  the  advantage  of  producing  a  very  much  higher 
grade  grease  than  that  produced  by  the  acid  treatment.  It  is 
a  method  which  requires  a  great  deal  of  capital  and  very  skilled 
attendants.  The  grease  recovered  by  evaporating  and  centrifu- 
galizing  the  suds  fetches  a  price  of  from  4  to  5  cents  a  pound. 
The  process  has  the  additional  merit  that  it  is  possible  to  recover 
a  great  deal  of  the  potash  from  the  waste  water  from  the  cen- 
trifugal machine.  This,  of  course,  is  very  valuable  as  fertilizer 
and  brings  a  price  of  about  5  cents  a  pound.  It  is  impracticable 
to  recover  the  potash  with  the  other  system  of  treatment,  such 
as  used  at  Hudson. 

The  chief  problems  in  connection  with  the  treatment  of 
wool-scouring  waste  by  the  acid  method  are  the  presence  of  acid, 
the  recovery  of  grease  from  the  sludge  and  the  high  labor  cost. 
The  sludge,  of  course,  is  very  sticky  and  dries  slowly.  If  too  little 
acid  be  used,  separation  of  sludge  and  liquor  will  not  be  com- 
plete; and  if  too  much  be  used,  the  effluent  will  be  so  acid  as  to 
prevent  its  discharge  into  a  stream  or  sewer.  The  labor  required 
is  a  very  large  item ;  at  Hudson  it  is  over  50  per  cent,  of  the  value 
of  the  product.  Calcium  chloride  has  been  suggested  as  a  pre- 
cipitant. It  has  been  tried  at  Hudson  with  unsatisfactory 
results.  It  has  also  been  tried  in  conjunction  with  sulphuric 
acid ;  that  is,  neutralizing  with  acid  and  adding  calcium  chloride 
as  a  precipitant.  But  so  far  this  very  hydroscopic  salt,  when 
mixed  with  sludge  on  the  sludge  beds,  greatly  interferes  with 
drying  and  makes  a  slimy  sludge  to  handle,  instead  of  one  that 
is  of  the  consistency  of  new  cheese. 

The  other  problem  in  connection  with  getting  the  grease 
out  of  the  sludge  is,  of  course,  a  very  important  one.  In  England, 
and,  I  understand,  in  one  place  in  this  country,  they  press  the 
sludge  in  a  filter  press  and  then  try  out  the  grease  from  the 


THE  DISPOSAL  OF  MANUFACTURING  WASTE.  73 

press-cake  by  superheated  steam.  This  has  not  been  tried  at 
Hudson  as  yet.  Future  improvement  lies  along  these  lines; 
that  is,  in  doing  away  with  hand  labor,  thus  avoiding  most  of 
the  shoveling,  bagging,  handling,  etc.,  in  the  present  methods. 

For  a  number  of  years  one  large  mill  has  been  washing  wool 
in  naphtha,  —  a  very  light  grade  of  gasoline,  —  and  has  been 
recovering  neutral  grease  from  the  naphtha  solution  by  evapora- 
tion. For  a  number  of  years  this  was  a  profitable  process,  but 
the  very  fact  that  it  has  been  done  successfully  has  caused 
the  price  of  grease,  even  of  this  higher  grade  grease,  to 
fall,  and  it  has  been  rumored  that  for  a  year  chemists  have  been 
working  on  the  problem  to  see  if  they  cannot  find  a  method  of 
refining  the  grease  by  which  they  can  produce  a  grease  of  so 
much  higher  grade  that  they  can  afford  to  recover  it  in  this  way, 
as  previously. 

The  plant  at  Hudson,  since  the  first  few  weeks  of  uncertain 
management,  has  furnished  an  effluent  which  has  been  clear  for 
over  90  per  cent,  of  the  time,  and  has  had  a  color  ranging  from 
yellow  to  a  light  brown.  It  contains  below  20  parts  of  fats  per 
100  000  and  also  suspended  solids  below  the  same  limit.  Some 
analyses  showed  3  and  some  5  parts  of  fat  in  100  000,  but  these 
are  rather  lower  than  the  average  results.  From  the  standpoint 
of  lower  riparian  owners,  the  process  is  successful,  but  I  doubt 
whether  manufacturers  would  call  it  successful.  It  would  be  an 
expense  to  them  and  considerable  bother.  The  recovery  of  grease 
in  this  way,  with  the  price  at  less  than  2  cents  a  pound,  cannot 
be  carried  on  at  a  profit.  With  the  price  above  2  cents  there 
should  be  some  return  on  the  investment,  depending  on  the  size 
of  the  plant  and  upon  local  conditions.  One  is  not  aware  how 
much  work  is  being  done  along  these  lines  outside  of  the  United 
States.  Some  figures  from  the  report  on  conditions  in  the  West 
Riding  district  of  Yorkshire  would  be  of  interest.  Here  exist 
large  communities  engaged  in  manufacturing,  and  relatively  small 
flows  in  the  streams.  At  the  same  time  it  is  an  example  of  how 
to  preserve  the  appearance  of  the  stream  without  hampering 
the  growth  of  industry. 

The  West  Riding  district  comprises  an  area  of  about  2  750 
sq.  miles  and  a  population  in  1905  of  2  750  000,  including  the 
cities  of  Sheffield  (450  000),  Leeds  (440  000),  Bradford  (300  000), 
Halifax  (105000),  and  Huddersfield  (95000).  In  1905  there 
were  in  this  district  2  005  factories  discharging  waste  as  follows: 
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Number  oi 
Kind  of  Industry.  Factories. 

Coal  works 59 

Leather  works 143 

Breweries  and  malt  houses 247 

Paper  factories 26 

Textile  mills 960 

Bleacheries 16 

Iron  and  metal  works 98 

Chemical,  gas  and  soap  works 160 

Stone  and  marble  works 50 

Miscellaneous 246 

Total 2  005 

Of  these  2  005  factories,  941  discharged  their  waste  directly 
into  the  various  streams  of  the  district,  while  1  064  were  con- 
nected with  the  city  sewers  and  the  wastes  were  disposed  of  in 
connection  with  the  town  sewage.  Of  the  941  factories  dis- 
charging wastes  directly  into  the  streams,  over  60  per  cent. 
(651)  were  provided  with  purification  plants,  leaving  only  290 
from  which  wastes  were  discharged  directly  into  the  streams 
without  purification.  In  other  words,  less  than  15  per  cent, 
of  the  industries  in  this  district  discharged  trade  wastes  directly 
into  the  streams  without  purification. 

The  conditions  in  the  United  States  and  Canada  are  in 
great  contrast  to  those  prevailing  in  England.  In  the  first  place, 
the  same  necessity  for  purification  of  trade  wastes  has  not  existed 
except  on  a  few  streams,  and  on  these  the  degree  of  contamination 
has  been  allowed  to  exceed  greater  limits  than  abroad.  The 
common  practice  is  to  discharge  into  a  stream  or  to  connect  with 
the  municipal  sewer  and  place  the  burden  of  purification  upon 
the  public. 

In  Peabody,  Mass.,  where  numerous  tanneries  discharged 
directly  into  the  sewer  when  first  built,  and  in  several  other 
places,  serious  clogging  of  the  sewer  and  great  outlay  for  cleaning 
have  been  caused.  Therefore,  in  such  cases  it  is  not  at  all  un- 
likely that  the  cheapest  plan  for  all  concerned, — -that  the 
municipal  sewage  disposal  works  should  not  attempt  to  dispose 
of  more  waste  in  connection  with  its  domestic  sewage  than  it 
can  do  economically,  and  the  manufacturer  should  give  any 
troublesome  waste  sufficient  preliminary  treatment  to  bring 
about  this  result,  —  will  be  forced  into  use  in  densely  populated 
industrial  centers  in  America  as  it  has  been  in  England,  even  if 
the  city  has  to  bear  a  portion  of  the  expense  of  treatment  at  the 
factories. 
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No  general  method  can  be  devised  for  all  cases,  and  each 
problem  must  be  handled  separately  with  due  regard  both  to 
the  conditions  obtaining  at  the  factory  and  also  to  the  quantity 
and  character  of  the  body  of  water  into  which  it  is  proposed  to 
discharge  the  purified  waste. 

DISCUSSION. 

Mr.  Metcalf.  —  I  have  been  very  much  interested  in  these 
excellent  descriptions  by  Mr.  Barbour  and  Mr.  Weston.  I 
have  had  some  experience  along  this  same  line  and  know  how 
difficult  it  is  to  treat  wool-scouring  waste.  There  is  one  thing 
not  brought  out  clearly  in  Mr.  Weston's  paper,  and  that  is 
the  fact  that  it  is  generally  found  advisable  to  get  rid  of  the 
sand  contained  in  the  wash  water,  in  the  scouring  liquor,  as 
quickly  as  possible,  and  not  attempt  to  put  all  of  it  through  the 
process  as  well  as  the  grease  obtained  from  the  sludge  beds, 
of  which  Mr.  Weston  has  spoken.  While  some  grease  is  wasted 
in  that  way,  the  process  is  hastened  very  much,  and  the  amount 
wasted  would  not  be  suficient  to  pay  for  the  time  lost.  So, 
usually,  some  form  of  settling  tank  is  introduced  through  which 
the  sand  can  be  drawn  off. 

I  was  a  little  surprised  to  hear  Mr.  Barbour  set  the  shrinkage 
of  wool  at  so  low  a  figure  as  25  to  65  per  cent.,  or  an  average 
of  about  40  per  cent.  In  my  experience,  the  shrinkage  in  Ameri- 
can territory  wool  has  been  more  often  from  60  to  75  per  cent., 
and  in  the  Australian  wools  about  50  per  cent.,  —  40  to  50 
per  cent.,  or  thereabouts,  —  unless  the  wool  has  been  washed 
out  at  some  previous  time,,  in  which  case,  of  course,  you  would 
get  less  shrinkage. 

Mr.  Weston  has  referred  to  the  amount  of  grease  contained 
in  the  different  wools  without  giving  figures,  and  it  may  be  of 
interest  to  mention  the  fact  that  with  territory  wools,  —  as  he 
has  said,  you  get  less  grease,  —  my  experience  has  been  that  with 
territory  wools  you  get  8,  10  or  12  per  cent,  of  grease,  and  in 
the  case  of  the  Australian  wools,  it  will  run  from  12  to  16  per 
cent.  So  that  you  want  to  be  careful  to  find  out,  if  any  one 
talks  to  you  about  the  recovery  of  grease,  whether  it  is  being 
recovered  from  Australian  wool  or  from  American  wool.  If 
you  are  running  your  plant  on  the  Australian  wools,  it  may  be 
possible  to  earn  your  fixed  charges  and  pay  something  on  capital 
account.  If  you  are  running  wholly  on  territory  wools,  I  question 
whether  it  is  possible  for  you,  at  the  present  market  price,  or 
even  at  3  cents  a  pound,  to  meet  operating  charges,  much  less 
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pay  interest  charges  on  your  plant.  Five  or  six  years  ago  it  was 
possible,  even  on  territory  wools,  to  meet  expenses  of  operation 
and  have  a  little  margin  to  go  towards  fixed  charges. 

In  this  country  it  might  also  be  said  that  the  presses  are 
usually  of  the  type  described  by  Mr.  Weston.  In  England  and 
Germany  they  have  used  another  form  of  press,  —  similar  to 
that  used  in  sewage  practice  in  pressing  sludge,  but  the  difficulty 
here,  at  all  events  so  far  as  I  have  known  of  its  trial,  has  been 
that  the  maintenance  charges  are  prohibitive.  The  acid  contained 
in  the  grease  eats  out  the  bagging  very  quickly.  Heavy  duck  or 
drilling  has  been  used  for  the  press,  but  that  lasts  but  a  short  time. 
One  of  my  clients  is  now  trying  a  woolen  bagging  to  see  whether  it 
will  last  enough  longer  than  the  duck  to  justify  its  greater  cost. 
I  fear  it  will  not,  but  it  is  an  interesting  experiment,  at  all  events. 
Mr.  William  S.  Johnson.  —  In  this  Hudson  case  it  was  my 
privilege  to  represent  that  unfortunate  third  party  mentioned 
by  Mr.  Barbour,  the  owner  of  the  factory  on  the  Assabet  River 
at  Gleasondale,  below  the  Hudson  Worsted  Company  and  below 
the  sewage  purification  works  of  the  town  of  Hudson.  When 
the  unpurified  wool-scouring  wastes  were  discharged  directly 
into  the  stream,  the  water  became  unfit  for  washing -and  dyeing 
and  after  vigorous  protests  the  wastes  were  taken  out  of  the 
stream  and  discharged  into  the  Hudson  sewers.  For  a  short 
time  there  was  no  trouble,  but  soon  the  town  filter  beds  became 
inoperative  and  the  river  received  not  only  the  unpurified  wool- 
scouring  wastes,  but  also  the  unpurified,  or  partially  purified, 
sewage  of  the  entire  town  of  Hudson.  Later  on,  during  the 
period  of  construction  of  the  wool-scouring  plant,  and  before 
the  method  of  operation  had  been  determined,  imperfectly 
purified  wastes  from  the  plant  caused  considerable  trouble. 

I  have  necessarily  appeared  so  much  as  a  critic  in  this  case 
in  the  last  three  or  four  years  that  it  is  a  great  pleasure  to  me 
now  to  say  how  well  it  has  been  handled  both  by  Mr.  Weston 
for  the  Hudson  Worsted  Company  and  by  Mr.  Barbour  for  the 
town  of  Hudson.  The  results  during  the  past  season,  in  which 
the  flow  of  the  river  has  been  unusually  low  and  the  effect  of  the 
pollution  correspondingly  increased,  have  been  eminently  satis- 
factory. The  water  of  the  river  at  my  client's  factory  has  been 
better  than  for  many  years  past. 

I  am  interested  in  another  case  where  the  conditions,  un- 
fortunately, are  not  so  satisfactory.  A  wool-scouring  plant 
has  been  put  into  operation  to  prevent  the  pollution  of  the  water 
used  by  a  paper  mill  on  the  stream  below,  but  ever  since  its 
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construction  there  has  been  one  thing  or  another  which  has 
caused  it  to  give  unsatisfactory  results.  The  troubles  which 
have  been  experienced  at  this  plant  have  impressed  upon  me  the 
frailty  of  such  a  machine,  —  there  are  so  many  things  to  get  out 
of  order  and  so  many  that  require  constant  and  skillful  attention. 

In  the  case  of  which  I  speak,  after  the  plant  was  put  in 
operation,  it  was  left  in  the  charge  of  an  Italian  foreman  with  a 
gang  of  Italian  laborers  to  assist  him.  It  is  evident  that  the 
proper  operation  of  such  a  plant  with  unskilled  superintendence 
is  absolutely  impossible.  It  is  a  very  delicate  mechanism  both 
from  the  chemical  and  from  the  mechanical  standpoint.  Neglect 
of  any  of  the  mechanical  details  or  an  error  in  the  application 
of  the  acid  means  in  each  case  either  an  imperfectly  purified 
effluent  or  the  discharge  of  the  raw  wastes  into  the  stream.  In 
order  for  such  a  plant  to  be  successful,  it  must  not  only  be 
properly  constructed,  but  must  be  handled  in  an  intelligent 
manner.  In  the  case  of  the  Hudson  Worsted  Company's  plant, 
I  understand  that  the  operation  of  the  plant  is  still  under  the 
general  supervision  of  Mr.  Weston,  while  in  the  case  of  the 
other  plant  referred  to,  there  is  no  skilled  supervision  and  results 
speak  for  themselves. 

The  effect  of  wool-scouring  wastes  on  a  river  is  in  many 
respects  quite  different  from  the  effect  of  house  sewage.  The 
grease  in  wool-scouring  waste  is  very  stable,  and  it  is  the  accumu- 
lation of  the  grease  particles  on  the  surface  of  the  water  which 
causes  the  greatest  amount  of  trouble.  A  little  patch  of  grease 
forms  on  the  water,  floats  down  the  stream,  gathering  to  itself 
other  particles  of  grease  and  also  particles  of  dirt  or  other  matter 
wrhich  may  be  in  the  water,  and  finally  it  has  become  a  mass  of  dirt 
and  other  impurities  cemented  together  by  grease,  and  this 
combination  of  grease  and  dirt  is  disastrous  in  dyeing  and  many 
other  manufacturing  processes.  An  analysis  of  a  sample  of  the 
water  collected  in  the  usual  manner  might  not  give  any  indication 
of  the  grease. 

In  the  immediate  vicinity  of  the  point  where  wool-scouring 
wastes  are  discharged  into  a  stream  there  is  always  a  deposit 
of  the  heavier  matters.  A  portion  of  these  substances  undergoes 
chemical  changes  and  evolves  gases,  which  finally,  getting  be- 
neath portions  of  the  solid  matter  which  are  matted  together, 
have  sufficient  tJuoyancy  to  raise  the  matted  material  to  the 
surface.  These  masses  thus  lifted  to  the  surface  add  very 
materially  to  the  pollution  of  the  stream,  especially  in  warm 
weather,  when  the  formation  of  the  gases  is  most  rapid  and 
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when  a  considerable  portion  of  the  material  which  has  accumu- 
lated on  the  bottom  during  the  cold  weather  may  be  carried 
downstream. 

Mr.  Barbour  at  the  end  of  his  paper  made  a  few  general 
remarks  upon  the  advisability  of  allowing  manufacturing  wastes 
to  enter  the  town  sewers.  This  is  a  matter  of  great  importance 
and  one  which  is  bound  to  interest  us  all  more  or  less  in  the  near 
future.  In  England,  the  Royal  Commission  on  Sewage  Disposal 
recommended  that  the  law  should  make  it  the  duty  of  the  local 
authority  to  provide  sewers  to  carry  manufacturing  wastes  as 
well  as  domestic  sewage.  In  this  country,  we  have  taken  a  stand 
rather  the  other  way,  and  it  seems  to  me  that  we  are  more  nearly 
right,  although  there  is  something  to  be  said  on  both  sides. 
It  seems  to  be  a  somewhat  parallel  case  to  the  disposal  of  the  dry 
wastes  from  the  downtown  stores  which  is  agitating  the  people 
in  Boston  at  the  present  time.  The  superintendent  of  streets 
has  decided  that  the  city  shall  not  remove  certain  of  the  solid 
wastes  from  the  department  stores  and  other  places,  but  that 
each  store  shall  provide  for  the  disposal  of  such  wastes  as  a 
part  of  its  business. 

Sewers  are  constructed  primarily  for  the  purpose  of  removing 
the  wastes  from  houses,  and  the  householders  are  assessed  for 
this  purpose.  When  manufacturing  wastes  are  discharged  into 
the  sewers,  the  cost  both  of  the  construction  and  maintenance 
of  the  sewers  and  the  cost  of  the  sewage  disposal  works  may  be 
enormously  increased,  and  in  that  case,  unless  a  sufficient  pay- 
ment is  made  by  the  manufacturers,  the  householders  or  tax- 
payers must  be  assessed  to  increase  the  manufacturers'  dividends. 

There  is  another  reason  why,  on  small  streams,  where  there 
are  many  factories,  the  wastes  cannot  be  discharged  into  the 
sewers.  If  such  disposition  were  made  o,f  the  liquid  wastes, 
there  would  be  no  water  left  in  the  stream  for  the  factories  below. 
In  the  case  of,  the  factories  on  the  Neponset  River,  and  also 
upon  the  Nashua  River  at  Fitchburg,  the  whole  flow  of  the  stream 
in  dry  weather  is  used  over  and  over  again  in  the  manufacturing 
processes,  and  disposal  into  the  sewers  is  out  of  the  question. 

There  is  no  waste  which  cannot  be  purified  by  the  manu- 
facturers. It  is  only  a  question  of  expense.  I  believe  it  is  possible 
in  most  cases  to  recover  a  portion  at  least  of  the  expense  from 
the  wastes  themselves.  It  may  be  impracticable  to  do  this  in  a 
small  way,  but  in  the  large  factories  it  certainly  can  be  done. 
We  may  at  some  time  handle  it  as  is  done  in  some  parts  of 
England,  where  a  company  is  formed  to  take  the  waste  from  the 
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factories,  purify  it  and  incidentally  recover  whatever  is  worth 
recovery  from  it.  In  some  cases  the  company  pays  a  small 
amount  to  the  manufacturer  for  the  privilege  of  treating  his 
wastes.  In  other  places,  where  the  wastes  are  less  valuable,  the 
manufacturer  pays  the  company.  Where  mills  are  near  to- 
gether, one  company  can  obviously  handle  the  product  of  a 
number  of  mills  to  much  better  advantage,  and  it  saves  the 
manufacturer  from  the  annoyance  of  carrying  on  another  industry 
in  which  he  has  little  interest. 

Mr.  Metcalf.  —  I  fully  agree  with  what  Mr.  Johnson 
has  said  as  to  the  difficulty  of  handling  these  wastes.  I  had  a 
similar  experience  in  Rhode  Island,  where  a  mill  high  up  on  the 
stream  —  it  was  a  very  small  stream  —  had  very  little  water 
at  certain  times  for  dilution  of  its  waste.  At  a  distance  of 
four  or  five  miles  below  there  were  dye  works,  with  very  good 
sedimentation  on  the  stream.  Under  normal  conditions  they 
did  not  get  into  trouble;  but  during  the  dry  season  the  grease 
accumulated  in  the  deep  pools  and  ponds,  and  then  when  the 
storms  came  the  stream  was  flushed  out,  —  the  sedimentation 
being  swept  downstream  and  causing  the  dye  works  trouble. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  October  1,  1911,  for  publi- 
cation in  a  subsequent  number  of  the  Journal.] 


THE   DESIGN   OF   ECCENTRICALLY  LOADED   CONCRETE 
MEMBERS   REINFORCED  ON   ONE   FACE   ONLY. 


By  Charles  H.  Dutton,  Member  Boston  Society  of  Civil  Engineers. 


[Presented  to  the  Society,  December  21,  19 10.] 

The  following  paper  is  intended  to  assist  in  the  design  of 
reinforced  concrete  structures  which  are  stressed  mainly  in  com- 
pression, but  on  account  of  the  eccentricity  of  the  resultant  line 
of  pressure  require  reinforcement  on  one  side  of  the  section  only. 
There  are  many  cases  of  this  kind,  such  as  retaining  walls,  sub- 
way arches,  etc.  The  text-books  in  common  use  give  methods 
of  designing  symmetrically  reinforced  members  under  com- 
bined direct  compression  and  flexure,  but  do  not  cover  the  case 
of  reinforcement  on  one  side  only,  and,  while  the  exact  solution 
of  the  case  under  consideration  may  be  effected  by  means  of  a 
cubic  equation,  the  process  is  very  laborious  compared  to  the 
use  of  a  simple  table  and  diagram. 

Let 

fa    =  fiber  stress  in  the  steel. 

/c    =  maximum  stress  in  the  concrete. 

Ea  =  modulus  of  elasticity  of  the  steel. 

E0  =  modulus  of  elasticity  of  the  concrete. 
Es 

n    =EC=15- 

d    =  distance  from  center  of  steel  to  compressive  face  of 
the  concrete. 

b     =  breadth  of  the  member. 

kd  =  distance  from  the  compressive  face  of  concrete  to  the 
neutral  axis. 

N  =  the  axial  stress. 

e     =  distance  from  a  point  midway  between  the  steel  and 
the  compressive  face  to  line  of  the  axial  stress. 

p    =  the  ratio  of  area  of  steel  to  that  of  concrete. 

By  the  straight  line  theory  — 

1  —  k 
.      /s    =    nfc '-£ —  (1) 

2  parallel  forces : 

N  +  fabdp  =  ™fj>.  (2) 
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Moments  about  the  centroid  of  compression: 

»(-H0  -  ***(Hr)-  (3) 

Solving    equations  (i),   (2)   and   (3)    simultaneously,  since 
the  member  is  in  equilibrium,  — 


k         rjv 

4»  (1—  k)  Lefcb 


+--V^L>*0-|)]]-(4) 


&&(■-*)  (5) 

Since  equation  (4)  is  solved  from  a  quadratic,  it  requires  a 
plus  sign  before  the  radical.  It  is  omitted,  as  it  gives  negative 
value  of  d.  Equations  (4)  and  (5)  are  for  the  numerical  solu- 
tion of  the  problem,  the  value  of  k  being  obtained  from  equation 
(1)  by  assuming  values  of /c  and /s. 

As  the  numerical  solution  is  somewhat  laborious,  the  fol- 
lowing solution  by  means  of  a  diagram  will  be  found  convenient. 

Transposing  equations  (4)  and  (5)  respectively: 

N  _p  [i2n2  (1-k)2  p-i2tt  (i-&)fe2]  +  3fe4 
efcb  6n  (i-k)  kp  +  k3  (3-2k)  (4«) 

*H)=(i)  &(?+<)]■        (5.) 

N 
On  the  diagram  —pr  is  the  independent  variable  or  abscissa; 

k  or  *(if)is  the  dependent  variable  or  ordinate,  and  p  and 

-7  are  constants.     When  computing  the  diagram  from  equation 

(5a)  use  kl  ! I  as  the  independent  variable.     If  the  values  of 

fcl  1  — ~  I  are  plotted  instead  of  the  values  of  k,  equation  (5a)  re- 
duces to  an  equation  of  the  first  degree  in  k,  and  therefore  plots 
as  straight  lines.     Thus  a  single  point  on  the  diagram  represents 

N  e 

four  quantities,  viz, jt,  k,  p  and  -j.     The  table  represents 

k,  /c  and  /3. 

If  /c  and  /s  are  taken  as  constants,  k  becomes  a  constant, 
thereby  much   simplifying  the   problem. 
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($-/)» 


The  diagram  may  be  equally  well  applied  in  determining 
the  stresses  in  a  structure  of  known  proportions,  or  in  designing 
a  structure  to  resist  definite  external  forces  without  exceeding 

certain  limiting  stresses.    In  the  former  case,  p  and  -7  are  known, 

and  by  locating  the  intersection  of  the  straight  diagonal  line 


ECCENTRICALLY  LOADED  CONCRETE.  83 

corresponding  to  -,  with  the  proper  curve  for  p,  we  read  at  once 

N 
the  value  of  —ft,  of  which  /c  is  the  only  unknown  quantity. 

CJqO 

Having  obtained  this,  fB  may  be  obtained  by  taking  k  from  the 

diagram  and  using  k  and/c  in  the  table. 

In  the  other  case,  namely,  to  design  a  structure  with  definite 

N 
limiting  stresses,  we  may  calculate  the  value  of  —rr  and  may 

6JC0 

obtain  k  from  the  table  to  suit  the  values  of  fc  and  f8.     With 

N  .  e 

—rr  and  k,  the  diagram  will  show  the  value  of-},  from  which  the 
efcb  &  a 

necessary  d  may  be  obtained,  and  of  p,  from  which,  knowing 

b  and  d,  the  area  of  steel  may  be  determined. 

It  is  of  course  assumed  in  any  case  that  the  external  forces 

are  known.     These  are  represented  by  the  resultant  thrust  N 

and  the  eccentricity  of  the  thrust  e.     That  is  to  say,  the  moment 

may  be  made  equal  to  Ne,  and  e  determined  by  this  means. 

In  case  the  stresses  are  determined  graphically,  both  the  N  and 

the  e  may  be  taken  directly  from  the  equilibrium  polygon. 

N 
It  is  also  possible  to  assume  —r-r  and  d,  and  compute  p 

ejco 

and  /;  or  vice  versa.  In  the  above  work  the  eccentricity  has 
been  denoted  by  e,  the  distance  from  a  point  midway  between 
the  steel  and  the  compressive  face,  to  the  line  of  force,  N,  which 
is  perhaps  the  most  useful  method  in  connection  with  the  design 
of  arches,  as  the  value  of  e  changes  but  slightly  with  varying 
values  of  d. 

It  will  of  course  be  recognized  that  the  above  analysis  is 
only  one  of  several  possible  methods  of  reaching  the  desired 
solution  and  it  may  often  be  more  convenient,  when  designing 
new  work,  to  use  some  other.  The  question  as  to  which  is  more 
desirable  depends  upon  the  allowable  method  of  varying  the 
strength.  If  the  thickness  of  the  wall  is  determined  in  advance, 
d  is  practically  determined  and  consequently  e,  by  settling  the 
amount  of  cover  for  the  reinforcement  and  thus  locating  the 
center  between  the  reinforcement  and  the  compression   face. 

It  may  be,  however,  that  we  wish  to  leave  the  thickness  to 
be  determined  later,  and  the  distance  from  the  resultant  line 
of  pressure  to  the  face  of  the  wall,  rather  than  to  the  center,  is 
the  condition  fixed  by  circumstances.  A  familiar  instance 
of  this  is  in  the  case  of  a  wall,  such  as  the  spandrel  wall  of  an 
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arch  carrying  an  overhanging  sidewalk.  Here  a  different 
diagram  might  be  more  convenient. 

Under  other  circumstances,  it  might  be  that  the  distance 
from  the  resultant  pressure  to  the  center  of  the  reinforcement 
is  determined  in  advance  and  that  the  location  of  the  compres- 
sion face  is  immaterial.     Under  these  circumstances  the  value 

e  -\ —  is  the  constant,  and  the  formulas  might  be  modified  by 

substituting  a  value,  as  i ,  for  e.    This  results  in  simplifying 

the  equations  to  some  extent,  as  several  terms  are  canceled. 
It  will  be  found,  however,  that  a  similar  diagram  will  be  the  most 
convenient  way  of  using  these  equations. 

Generally  speaking,  however,  it  is  possible  to  use  the  accom- 
panying diagram,  as  the  thickness  of  the  wall  can  generally  be 
assumed  with  sufficient  accuracy,  or  obtained  by  one  trial 
assumption. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  October  1,  191 1,  for  publi- 
cation in  a  subsequent  number  of  the  Journal.] 
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NEW  YORK  STATE  BARGE  CANAL. 


By    William    B.    Landreth,*    Member    American    Society    of    Civil 

Engineers. 


[Read  before  Sanitary    Section  of  the   Boston  Society    of    Civil   Engineers, 
December  7,  1910.] 

Attempts  to  improve  the  methods  of  inland  transportation 
by  water .  on  this  continent  date  from  early  in  the  eighteenth 
century,  when  the  priests  of  the  Catholic  Church  began  to 
build  a  canal  around  the  rapids  in  the  St.  Lawrence  River  near 
Montreal,  Canada. 

The  first  canal  in  the  United  States  was  built  in  Orange 
County,  New  York,  by  the  Surveyor-General  for  transporting 
stone.  During  the  eighteenth  century,  and  in  fact  since  that 
time,  there  has  been  a  great  difference  of  opinion  as  to  the  utility 
and  advisability  of  constructing  canals  in  various  parts  of  the 
United  States. 

When  the  matter  of  building  a  canal  from  Albany  to  Buffalo 
was  seriously  contemplated  in  the  latter  part  of  the  eighteenth 
century,  Thomas  Jefferson  said  that  it  was  madness  to  attempt 
the  building  of  a  canal  from  Albany  to  Buffalo,  while  Madison 
thought  that  the  cost  would  exceed  the  resources  of  the  entire 
United  States  and  refused  national  aid  to  the  project.  On  the 
other  hand,  George  Washington  was  a  strong  advocate  of  the 
construction  of  a  canal  across  New  York  state,  and  early  in  the 

*  Special  Deputy  State  Engineer  of  New  York,  1909-1910. 
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agitation  of  the  project  made  a  trip  from  Albany  by  way  of  the 
Hudson  River,  Mohawk  River,  Wood  Creek,  Oneida  Lake, 
Oneida  and  Seneca  rivers  to  Seneca  Lake,  and  stated  on  his 
return  that  he  hoped  that  the  people  of  the  state  of  New  York 
would  not  fail  to  improve  the  great  natural  water  courses  in  that 
state. 

About  1 791  first  attempts  were  made  to  improve  the  inland 
navigation  of  New  York  state  by  the  construction  of  locks  and 
connecting  canals  by  private  companies. 

About  1808  was  inaugurated  the  policy  of  constructing 
canals  in  New  York  state  under  state  aid. 

The  original  Erie  Canal  had  a  bottom  width  of  28  ft.  and 
depth  of  water  of  4  ft.  These  dimensions  were  successively  in- 
creased to  a  bottom  width  of  the  Erie  Canal  of  52 J  ft.  and  a  mini- 
mum depth  of  7  ft.  of  water.  These  dimensions  ruled  for  the 
Erie  Canal  until  the  inauguration  of  what  is  known  as  "  The 
Barge  Canal,"  where  the  governing  dimensions  are  in  land  line 
75  ft.  on  the  bottom  in  earth,  94  ft.  in  rock,  with  river  section 
varying  from  150  ft.  to  200  ft.,  all  with  a  minimum  depth  of  12  ft. 
As  necessarily  following  in  the  enlargement  of  the  canals,  the 
tonnage  of  the  boats  increased  from  thirty  tons  for  the  first  canal 
to  eighteen  hundred  tons  for  the  Barge  Canal.  The  dimensions 
of  the  locks  increased  correspondingly  with  the  increase  of  sec- 
tion. 

Construction  of  the  Erie  Canal  began  on  July  4,  1817,  and 
was  completed  October  26,  1825.  The  actual  cost  of  the 
original  canal  was  a  little  more  than  $7  000  000.  The  first 
enlargement  was  begun  in  August,  1836,  and  completed 
September  1,  1862,  at  a  cost  of  $31  834000.  Various  branch 
canals,  such  as  the  Champlain,  Oswego,  Cayuga  and  Seneca, 
Chemung  Creek,  Lake  Chenango,  Black  River  and  Genesee 
Valley  were  built  while  the  first  enlargement  of  the  Erie  Canal 
was  being  carried  out. 

During  the  years  from  1896  to  1908,  a  partial  enlargement 
of  portions  of  the  various  canals  was  made  under  what  is  known 
as  "  The  Nine  Million  "  appropriation,  that  amount  being  fixed 
by  a  Constitutional  Convention  when  the  state  constitution  was 
revised. 

From  1899  to  1903  preliminary  surveys,  considerations 
and  discussions  of  the  Barge  Canal  took  place,  and  in  1904  the 
actual  preparation  of  final  plans  began. 

On  March  8,  1899,  a  committee  was  appointed  by  Governor 
Roosevelt  to  advise  as  to  the  future  canal  policy  for  the  state. 
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The  report  of  this  committee  on  January  15,  1900,  showed  a 
very  exhaustive  study  of  the  whole  question  and  was  accompanied 
by  many  maps  and  tables,  records  of  public  hearings  and  much 
correspondence  with  those  who  were  qualified  to  advise  on  the 
subject.  The  committee  most  emphatically  recommended  that 
the  Erie,  Champlain  and  Oswego  canals  should  be  enlarged, 
the  Erie  Canal  to  have  12  ft.  of  water,  the  Champlain  and 
Oswego  canals  9  ft. 

On  April  12,  1900,  the  state  legislature  directed  the  state 
engineer  to  cause  surveys,  plans  and  estimates  to  be  made  for 
improving  the  Erie,  Champlain  and  Oswego  canals  as  recom- 
mended by  the  Committee  on  Canals,  except  that  an  alternative 
project  was  used  for  enlarging  the  Oswego  to  the  same  size  as 
proposed  for  the  Erie.  The  sum  of  $200  000  was  appropriated 
for  doing  this  work  and  a  large  force  was  immediately  placed 
in  the  field  and  careful  topographic  surveys  and  borings  made. 
Preliminary  plans  and  estimates  were  completed  in  time  to  report 
to  the  governor  on  February  21,  1901. 

Much  discussion  was  had  in  this  matter  in  the  public  press, 
and  this  agitation  undoubtedly  resulted  in  the  passage  of  what 
is  known  as  "  The  Barge  Canal  Law,"  providing  for  an  appro- 
priation of  §101  000  000  for  the  purpose  of  rebuilding  the  Erie, 
Oswego  and  Champlain  canals,  providing  for  a  depth  of  water 
on  all  of  them  of  12  ft.  This  act  was  submitted  to  the  voters 
in  the  general  election  of  1903,  and  approved  by  them  by  a  sub- 
stantial majority. 

Contracts  were  entered  into  in  April  and  May,  1905,  and 
operations  were  speedily  begun.  The  first  actual  work  of  con- 
struction upon  the  whole  project  was  performed  on  April  24, 
1905,  at  Fort  Miller,  on  the  Champlain  canal;  the  first  work 
upon  Erie  Canal  at  Waterford  on  June  7,  1905. 

An  important  amendment  to  the  original  law  was  made  in 
1905,  providing  for  a  width  of  lock  chamber  of  45  ft.  in  place 
of  the  28  ft.  provided  for  in  the  original  law. 

The  following  table  gives  the  progress  of  the  preparations 
of  plans  and  actual  construction  to  December  1,  1910.  At  this 
date  plans  have  been  completed  and  approved  by  the  Canal  Board 
for  all  of  the  work  on  the  Erie,  Oswego  and  Champlain  canals, 
with  the  exception  of  the  crossing  of  Oak  Orchard  Creek  at 
Medina,  harbors  at  Syracuse  and  Rochester,  and  for  contracts 
for  operating  machinery  which  will  be  required  when  the  locks 
are  completed.  All  of  the  work  for  which  plans  have  been 
completed  is  under  contract,  except  six  contracts  for  which 
bids  will  be  opened  on  the  24th  of  this  month. 


ASSOCIATION   OF   ENGINEERING   SOCIETIES. 

Length  in  Estimated 

Miles.  Cost. 

Work  let 386.4  $67  551  000 

Plans  completed 27.3  6  874  000 

Total 4137  $74  425  000 

Work  done $25  168  000 
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Route  of  Barge  Canal. 

The  Barge  Canal,  as  well  as  its  predecessor,  the  Erie  Canal, 
connects  Lake  Erie  with  the  Hudson  River,  the  Erie  Canal 
entering  that  river  at  Troy  and  the  Barge  Canal  at  Waterford. 
From  Waterford  westward  to  the  vincinity  of  Utica  the  Barge 
Canal  utilizes  and  canalizes  the  Mohawk  River,   then  passes 
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over  a  divide  and  into  Oneida  Lake,  and  through  Oneida  Lake 
and  Oneida  River  to  Three  River  Point,  the  junction  of  the 
Oneida  and  Seneca  rivers.  It  then  ascends  the  Seneca  River 
and  its  branches  to  Lyons.  From  Lyons  to  the  Genesee  River 
at  Rochester  the  canal  follows  generally  in  the  valleys,  and  is 
really  a  land  line.  Crossing  the  Genesee  River  at  Rochester 
in  a  pool  formed  by  a  dam,  the  canal  westward  to  Lockport 
is  a  virtual  enlargement  of  the  existing  Erie  Canal.  From  Lock- 
port  to  Tonawanda,  the  canal  follows  the  route  of  the  Erie  Canal 
and  Tonawanda  Creek  canalized.  From  Tonawanda  to  Buffalo 
and  Lake  Erie,  Barge  Canal  traffic  will  pass  through  the  Niagara 
River. 

The  Oswego  Canal  starts  at  the  junction  of  the  Oneida, 
Seneca  and  Oswego  rivers,  passes  northward  in  the  Oswego  River 
to  Lake  Ontario. 

The  Champlain  Canal,  starting  at  Waterford  in  the  Hudson 
River,  follows  that  river  to  Fort  Edward,  then  passes  across  a 
divide  to  Fort  Ann,  then  through  Wood  Creek  canalized  to  Lake 
Champlain  at  Whitehall. 

Starting  at  the  Niagara  River  at  elevation  565.6,  the  Erie 
Canal  descends  by  various  locks  to  Three  River  Point  at  the 
junction  of  the  Oneida,  Seneca  and  Oswego  rivers.  Proceeding 
eastward  the  canal  ascends  to  the  Summit  Level  at  Rome  at 
elevation  420  and  then  descends  eastward  in  the  Mohawk  valley 
to  elevation  184  above  the  Cohoes  Falls;  then  to  elevation  15.2 
in  the  Hudson  River  at  Waterford. 

The  Oswego  Canal  descends  northward  from  Three  River 
Point  at  elevation  362  to  Lake  Ontario  at  elevation  244.4. 

From  Waterford  the  Champlain  Canal  ascends  to  elevation 
140.0  near  Fort  Edward;  then  descends  northward  to  elevation 
96.5  at  Lake  Champlain. 

Water  Supply  —  Erie  Canal. 

That  portion  of  the  canal  from  Tonawanda  eastward  to 
Three  River  Point  will  be  supplied  by  water  mainly  from  the 
Niagara  River,  supplemented  by  additional  supplies  from  a  series 
of  lakes  known  as  the  "  Finger  Lakes,"  tributary  to  the  Seneca 
River.  The  Summit  Level  at  Rome  will  be  supplied  from  existing 
reservoirs  south  of  the  Erie  Canal  between  Syracuse  and  Rome, 
and  from  storage  reservoirs  on  the  Mohawk  River  at  Delta, 
and  on  West  Canada  Creek  at  Hinckley.  Water  from  the  latter 
reservoir  will  be  carried  down  West  Canada  Creek  for  a  few  miles 
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and  then  by  a  new  open  channel  across  a  divide  into  Nine  Mile 
Creek,  a  tributary  of  the  Summit  Level. 

The  Summit  Level  of  the  Champlain  Canal  at  Fort  Edward 
will  be  supplied  from  an  existing  feeder  taking  water  from  the 
Hudson  River  at  Glens  Falls. 

The  reservoirs  at  Hinckley  and  Delta  have  the  following 
dimensions: 

Hinckley  Reservoir. 

Capacity  —  24  768  600  000  gal. 

Area  of  watershed  —  372  sq.  miles. 

Area  of  reservoir  —  4.46  sq.  miles. 

Height  of  dam  from  lowest  point  of  foundation  to  crest  —  90  ft. 

Maximum  depth  of  water  at  dam  —  75  ft. 

Average  depth  of  reservoir  —  36  ft. 

Delta  Reservoir. 

Capacity  —  20  570  000  000  gal. 

Area  of  watershed  —  137  sq.  miles. 

Area  of  reservoir  —  4.33  sq.  miles. 

Height  of  dam  from  lowest  point  of  foundation  to  crest  —  100  ft. 

Maximum  depth  of  water  at  dam  —  70  ft. 

Average  depth  of  reservoir  —  23  ft. 

Excavation. 

The  total  amount  of  excavation  for  the  construction  of 
the  canal  is  estimated  at  90  000  000  yd.,  of  which  about  10  per 
cent,  is  rock. 

Many  and  varied  types  of  excavating  machinery  are  used 
on  the  various  contracts.  The  stripping  of  embankment  areas 
and  other  light  excavation  has  been  done  on  some  contracts 
by  the  use  of  graders  propelled  by  sixteen  to  twenty  horses. 
Various  types  of  drag  scrapers  operated  either  from  stationary 
towers  or  revolving  derricks  are  used.  The  maximum  height  of 
tower  for  this  purpose  is  90  ft. 

Steam  shovels  of  varying  weights  and  capacities  with  their 
necessary  equipment  of  locomotives  and  cars  are  in  use.  In 
drilling  the  rock,  common  forms  of  steam  or  compressed  air  drill 
are  in  general  use,  although  on  certain  contracts  well  drills  cut- 
ting holes  varying  in  diameter  from  2\  in.  to  4  in.  have  been 
successfully   operated. 

On  Contract  No.  1  in  the  Hudson  River  the  rock  consists 
of  shale  and  is  broken  by  a  Lobnitz  rock-breaking  machine. 
This  consists  of  a  steel  hammer  20  in.  in  diameter,  16  ft.  long, 
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New  York  State  Barge  Canal.     Contract  No.  i. 
Lobnitz  Rock  Breaker,  Hudson  River. 


New  York  State  Barge  Canal.     Contract  No.  6. 
Bucket  of  Grab  Machine. 
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weighing  about  16  tons.  The  hammer  and  the  necessary  machin- 
ery, boilers,  etc.,  are  carried  on  a  large  scow  held  in  position  by 
guy  lines  to  anchors  or  objects  on  shore.  The  hammer  is  sus- 
pended by  a  steel  cable  passing  over  a  sheave  attached  to  the 
drum  of  a  hoisting  engine. 

The  operation  of  the  rock  breaker  is  as  follows:  The  cables 
are  fastened  to  trees  on  shore,  and  the  hammer  brought  over  the 
ledge  of  rock  to  be  attacked.  The  hammer  is  lifted  about  6  ft. 
and  allowed  to  fall,  the  operation  being  repeated  until  the  rock 
at  the  bottom  is  presumably  shattered.  The  boat  is  then  moved 
from  two  to  four  feet  and  another  hole  drilled,  it  being  assumed 
that  the  rock  between  the  two  holes  is  so  shattered  that  it  can 
be  easily  removed  by  a  dipper  dredge. 

Hydraulic  dredges  are  in  use  at  various  points  on  the  canals ; 
among  others,  on  the  Champlain  Canal,  Wood  Creek,  the  Hud- 
son River,  Seneca,  Oneida  and  Clyde  rivers,  at  the  east  end  of 
Oneida  Lake,  and  in  Tonawanda  Creek. 

Most  of  the  dredges  have  suction  pipes  20  in.  in  diameter. 
The  largest  output  of  any  dredge  is  500  000  yd.  in  one  month, 
working  three  eight-hour  shifts  daily. 

The  dipper  dredges  used  vary  in  size  and  power,  depending 
on  the  nature  of  the  material  to  be  removed.  At  the  west  end 
of  Oneida  Lake  and  various  points  between  Rochester  and  Lock- 
port,  ladder  dredges  are  in  use,  in  which  the  excavated  material 
brought  up  by  the  buckets  is  deposited  on  belt  conveyors  and 
thus  carried  ashore. 

On  Contract  No.  12  at  the  west  end  of  Lake  Oneida,  the 
material  is  deposited  165  ft.  from  the  end  of  the  dredge  proper. 

On  Contract  No.  6  at  Rochester,  a  depth  of  from  20  to  35  ft. 
of  limestone  and  shale  rock  is  encountered.  By  reason  of  the 
depth  of  cut  and  the  elevation  of  the  spoil,  the  machine  used 
must  be  able  to  lift  its  load  of  broken  rock  for  a  height  of  from  70 
to  80  ft.  from  the  bottom  of  the  cut  free  and  clear  of  all  interven- 
ing machinery  or  obstructions  and  carry  it  rapidly  to  either  bank 
as  needed.  For  this  purpose  a  conveyor  consisting  essentially 
of  a  cantilever  bridge  mounted  on  two  towers  188  ft.  apart  is  used. 
The  framework  of  the  bridge  is  of  an  ordinary  type  supported 
by  two  towers  90  ft.  high.  Each  tower  rests  on  a  60-ft.  rigid 
wheel  base  made  of  steel  girders  which  run  on  the  axles  of  thirty- 
two  standard  car  wheels.  The  car  wheels  run  on  standard-gage 
tracks  laid  parallel  to  the  sides  of  the  canal. 

For  the  removal  of  the  loosened  material  a  bucket  known  as 
a   "  grab  "   bucket   is   used.     The  hinged  bucket  being  loaded 
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is  hoisted  by  cables  and  attached  to  a  trolley  running  on  the  lower 
chord  of  the  bridge.  The  material  is  deposited  in  spoil  banks 
on  either  side  of  the  canal.  From  one  and  one-half  to  two  minutes 
is  required  for  a  round  trip  of  the  bucket.  The  jaws  of  the  bucket, 
when  opened,  cover  a  space  20  ft.  long  and  10  ft.  wide,  and  when 
closed  have  a  capacity  of  about  8  cu.  yd. 

On  contract  No.  40,  west  of  Lockport,  a  cantilever  crane 
mounted  on  a  single  tower  running  on  the  canal  bank  is  used. 
The  crane  has  the  following  dimensions:  Length  over  all,  382  ft. ; 
total  trolley  travel,  366  ft.;  height  from  base  of  rail  to  top  of 
cantilever,  68  ft.  The  total  reach  of  cantilever  from  end  to 
end  is  428  ft. ;  the  extreme  height,  92  ft. 

A  Brown-Hoist  automatic  dumping  shovel  bucket  is  oper- 
ated from  the  cantilever  and  the  material  excavated  is  deposited 
on  the  adjacent  spoil  banks  without  any  interference  with  traffic 
passing  in  the  canal.  The  maximum  monthly  output  for  this 
machine  working  three  eight-hour  shifts  daily  has  been  55  000 
cu.  yd. 

On  another  portion  of  this  contract  a  double-boom  excava- 
tor was  placed  in  service  about  a  year  ago.  This  machine  is 
operated  with  a  5-yd.  skip  on  each  boom  and  has  the  skip  bails 
so  arranged  that  it  is  not  necessary  to  unhook  the  skips  in  order 
to  load  them.  The  machine  weighs  about  150  tons  and  has  two 
100  ft.  booms  which,  when  elevated  at  an  angle  of  about  28| 
degrees  to  the  horizontal,  have  their  tip  ends  at  a  horizontal 
distance  of  about  100  ft.  from  the  center  of  the  machine  so  that 
the  reach  is  practically  200  ft.  It  is  designed  to  lift  and  carry 
a  load  of  10  tons,  including  the  weight  of  the  skip,  on  each  boom, 
simultaneously,  or  to  operate  a  3|-yd.  drag  scraper  bucket  on 
one  boom.  The  machine  is  mounted  on  skids  and  rollers  and  is 
moved  along  the  canal  by  throwing  the  drag  bucket  forward, 
getting  a  firm  bite  and  pulling  on  the  drag  line.  The  machine 
was  designed  to  make  thirty  complete  revolutions  in  an  hour, 
which  would  mean  the  loading  and  discharging  of  one  5-yd. 
skip  every  minute.  In  practice,  due  to  the  natural  limitations 
of  the  steam  shovel  work,  this  rate  cannot  be  attained,  as  the 
shovel  cannot  equal  the  capacity  of  the  excavator.  In  the  mix- 
ture of  earth  and  rock,  the  best  record  thus  far  has  been  about 
24  000  cu.  yd.  in  thirty-two  eight-hour  shifts.  Three  men  are 
required  for  the  operation  of  the  machine,  one  to  control  each 
of  the  boom  engines  and  the  third  to  run  the  rotating  engine. 
Five  other  men  are  required  to  advance  the  track  for  the  machine, 
and  one  man  is  placed  in  the  canal  prism  to  signal  the  operators. 
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The  machine  is  operated  by  compressed  air  received  from  a 
central  plant,  with  a  pressure  of  80  lb.  to  the  sq.  in.  at  the  machine. 

Structures. 

Many  methods  of  mixing  and  transporting  concrete  are  in 
use.  On  several  contracts  the  gravity  Haines  mixer  is  used, 
while  on  others,  various  types  of  mechanical  mixers  are  in  opera- 
tion. The  concrete  is  transported  and  deposited  generally 
in  buckets  running  on  narrow-gage  cars,  or  by  boom  derricks. 

On  Contract  No.  11  the  ingredients  for  concrete  are  raised 
to  the  top  of  a  Haines  mixer  by  means  of  belt  conveyors  and  the 
mixed  concrete  is  conveyed  from  the  mixer  a  maximum  distance 
of  817  ft.  over  a  succession  of  belt  conveyors.  On  arriving  at 
the  end  of  the  belt  conveyor,  the  concrete  is  placed  in  the  forms 
by  lateral  belt  conveyors  or  through  pipes. 

On  Barge  Canal  masonry  structures,  Portland  cement 
concrete  only  is  used.  The  proportions  of  the  ingredients  of  the 
concrete  are  as  follows: 

First-class  concrete  —  1  part  cement,  2  parts  sand  and  4 
parts  crushed  stone. 

Second-class  concrete  —  1  part  of  Portland  cement,  2\ 
parts  of  clean  sand  or  crusher  dust,  and  5  parts  of  crushed  stone 
or  gravel. 

Third-class  concrete  —  1  part  Portland  cement,  3  parts 
clean  sand  or  crusher  dust,  and  6  parts  of  crushed  stone  or  gravel. 
All  of  the  ingredients  are  measured  in  loose  bulk. 

The  tests  for  tensile  strength  of  Portland  cement,  for  a  mix- 
ture of  3  parts  by  weight  of  crushed  quartz  and  I  part  by  weight 
of  Portland  cement  are  as  follows: 

At  the  end  of  7  days,  at  least  150  lb.  per  sq.  in. ;  at  the  end  of 
28  days,  at  least  240  lb.  per  sq.  in.  The  separate  samples  must 
show  an  increase  of  strength  in  the  28-day  test  over  the  results 
secured  in  the  7-day  test. 

Locks. 

The  Barge  Canal  locks  have  lock  chambers  45  ft.  wide, 
a  usable  length  of  chamber  of  310  ft.  and  a  minimum  depth  of 
water  of  12  ft.  All  of  the  locks  but  one  are  to  have  mitered  swing- 
gates,  the  exception  being  the  lower  gate  of  the  lock  at  Little 
Falls,  which  has  a  solid  lift  gate. 

A  large  majority  of  the  locks  have  lifts  from  16  to  20  ft. 
The  five  locks  at  the  Waterford  flight  of  locks  have  lifts  of  34.5 
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ft.  each,  and  the  Little  Falls  lock  a  lift  of  40.5  ft.  The  locks  at 
Waterford  exceed  in  lift  any  existing  mitered  gate  locks  in  the 
world.  The  chambers  of  the  locks  are  filled  and  emptied  through 
ports  in  the  side  walls  connecting  with  the  conduits,  and  the  flow 
is  governed  by  vertical  lift  valves,  with  the  exception  of  one  lock 
at  Oswego,  where  the  chamber  is  filled  and  emptied  by  siphons. 

The  siphon  lock  at  Oswego,  designed  by  Mr.  D.  A.  Watt,. 
M.  Am.  Soc.  C.  E.,  supervising  engineer,  is  modeled  generally 
after  similar  locks  in  use  on  the  Elbe  Canal  in  Germany. 

In  these  locks  the  culverts  are  built  with  siphons,  but  the 
lock  gates  are  operated  by  an  ordinary  mechanical  device. 
Briefly  described,  the  operating  principle  comprises  a  culvert 
in  each  wall,  the  portion  near  each  end  being  turned  up  to  form 
a  closed  siphon.  The  crown  of  each  siphon  communicates  by 
means  of  pipes  with  a  tank  placed  high  in  the  wall,  arrangements 
being  made  to  fill  the  tank  from  the  upper  pool  when  required, 
as  well  as  to  empty  it  into  the  lower  pool.  After  the  tank  has 
been  filled  it  is  shut  off  from  connection  with  the  upper  pool  and 
with  the  outer  air,  and  the  emptying  valve  is  then  opened. 
This  has  the  effect  of  suspending  the  water  in  the  tank,  so  to 
speak,  and  thus  creating  a  tendency  to  vacuum.  On  connecting 
a  siphon  with  the  tank,  the  air  is  drawn  out  of  the  former  and  the 
water  rises  over  the  crest  and  soon  fills  the  neck.  When  it  runs 
full  it  reverses  the  draft  and  draws  the  air  back  from  the  tank 
and  carries  it  out  with  the  flow,  filling  the  tank  again  and  restor- 
ing the  vacuum  automatically.  The  flow  in  the  siphon  can  be 
checked  or  stopped  at  any  moment  by  opening  a  small  valve 
communicating  with  the  outer  air. 

All  of  the  lock  gates  are  of  steel,  and  they,  as  well  as  the 
various  valves,  capstans  and  other  appliances  at  the  locks, 
will  be  electrically  operated.  At  nearly  all  of  the  locks  turbines 
will  be  installed  for  the  generation  of  the  electricity  needed. 

At  the  flight  of  locks  at  Waterford  a  separate  power  plant 
will  be  built  taking  water  from  the  Mohawk  River  at  the  Cres- 
cent dam. 

Dams. 

fixed  dams. 

For  fixed  dams  a  gravity  type  is  used  either  straight  or 
curved  in  plan  with  an  ogee  form  of  downstream  face.  The 
height  of  the  fixed  dam  varies  from  about  6  ft.  at  the  Caughdenoy 
dam  in  the  Oneida  River  to  100  ft.  for  the  reservoir  dam  at  Delta.. 
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MOVABLE   DAMS. 

Movable  dams  are  used  wherever  necessary  to  reduce  damage 
from  floods.  The  two  general  types  are  "  Taintor  "  gates,  a 
segmental  dam  rotating  about  an  axis,  and  bridge  dams. 

The  type  of  bridge  dam  used  consists  of  a  heavy  steel  bridge 
of  spans  varying  from  125  ft.  to  200  ft.  with  a  concrete  sill 
extending  between  the  piers  in  the  bed  of  the  river.  Steel  up- 
rights are  attached  to  the  downstream  chord  of  the  bridge  and 
when  in  position  for  use  rest  against  heavy  castings  set  in  the 
concrete  sill.  Steel  gates  are  placed  against  the  upstream  side 
of  adjacent  uprights.  The  water  is  maintained  at  the  proper 
height  by  varying  the  number  of  gates  used,  and  in  periods  of 
low  water  nearly  or  quite  all  the  openings  will  be  closed.  As 
the  stream  rises,  a  sufficient  number  of  gates  will  be  removed  from 
time  to  time  to  maintain  the  pool  level  at  the  proper  height, 
and  in  case  of  heavy  floods,  or  at  the  close  of  the  canal  season, 
all  of  the  gates  and  their  supporting  uprights  will  be  raised  and 
attached  to  the  bridge  floors.  This  type  of  bridge  dam  has  been 
in  successful  operation  for  several  years  on  the  Moldau  River 
in  Bohemia. 

Siphon  Spillways. 

In  order  to  reduce  the  fluctuation  on  the  Summit  Level  to 
the  Champlain  Canal  and  at  Whitehall,  a  form  of  spillway  de- 
signed by  Mr.  G.  F.  Stickney,  M.  Am.  Soc.  C.  E.,  supervising 
engineer,  has  been  used.  If  the  ordinary  form  of  spillway  had 
been  used  on  the  Summit  Level  a  crest  200  ft.  long  would  have 
been  required.  The  siphon  spillway,  however,  measures  but  57 
ft.  between  abutments  and  accomplishes  the  same  result  as  would 
be  secured  by  a  longer  spillway. 

The  structure  consists  of  a  waste  weir  20  ft.  long  and  four 
siphons,  the  purpose  of  the  weir  section  being  to  carry  off  float- 
ing debris  and  a  certain  amount  of  water.  Each  of  the  siphons 
has  an  area  of  7§  sq.  ft.;  and,  acting  under  a  head  of  about 
io|  ft.,  each  will  discharge  approximately  160  cu.  ft.  per  second. 
The  inlet  of  the  siphon  is  placed  well  below  the  water  surface 
and  is  protected  by  a  metal  screen  to  prevent  the  entrance  of 
debris.  To  reduce  the  loss  of  head  due  to  entry,  the  inlet  is  flared 
out  to  double  the  normal  area. 

As  the  siphon  will  not  come  into  action  until  completely 
filled  with  water,  it  is  necessary  to  limit  the  height  of  the  crown 
to  one  foot  and  the  necessary  area  is  obtained  at  that  point  by 
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increasing  the  width.  As  the  removal  of  forms  at  the  crown  of 
the  siphon  would  be  practically  impossible,  iron  castings  were 
used  instead  of  wooden  forms  and  left  in  the  masonry.  Three 
vents,  each  6  in.  high  by  12  in.  long,  pierce  the  wall  at  low  water 
level  above  the  inlet  of  each  siphon.  A  little  below  these  vents 
a  single  opening  of  the  same  size  acts  as  a  precautionary  vent 
to  break  the  flow  in  case  the  upper  openings  become  clogged 
by  freezing  or  otherwise.  The  siphons  begin  to  discharge  when 
the  water  on  the  open  spillway  reaches  an  elevation  sufficient 
to  fill  them,  and  continue  to  discharge  until  the  water  above  the 
spillway  uncovers  the  vents. 

The  siphon  spillway  on  the  Summit  Level  has  been  completed 
and  is  in  successful  operation,  and  a  similar  spillway  with  eight 
siphons  instead  of  four  is  being  built  as  an  adjunct  to  the  movable 
dam  on  Wood  Creek  at  Whitehall. 

Bridges. 

Several  hundred  new  bridges  will  be  built  over  the  new  canal. 
The  law  authorizing  the  construction  of  the  canal  provides  that 
there  shall  be  a  clearance  at  bridges  of  15!  ft.  above  the  maximum 
navigable  water  surface.  The  greater  part  of  the  new  bridges  are, 
therefore,  built  as  fixed  bridges  with  the  legal  clearance.  In 
a  few  towns  and  villages  the  local  conditions  are  such  that 
the  construction  of  fixed  bridges  would  necessitate  long  and  steep 
approaches,  and  in  other  cases  the  approaches  to  fixed  bridges 
would  cause  heavy  damages  to  valuable  property.  In  such  cases 
vertical  lift  bridges  balanced  with  concrete  counterweights  by 
means  of  steel  cables  will  be  used.  These  bridges  always  maintain 
a  horizontal  position  and  are  lifted  sufficiently  to  give  the  legal 
clearance.  Stairways  are  constructed  connecting  with  the  side- 
walks of  such  bridges  when  in  raised  position. 

It  is  expected  that  the  harbor  at  Tonawanda  will  eventually 
become  a  barge  canal  terminal  and  receive  lake  vessels.  The 
bridges  crossing  this  harbor  will,  therefore,  be  of  the  bascule  type 
giving  an  unlimited  overhead  clearance.  The  movable  bridge 
over  the  Oswego  Canal  will  also  be  of  the  bascule  type  and,  in 
so  far  as  possible,  the  new  fixed  bridges  over  that  canal  will  be 
so  constructed  that  they  may  readily  be  converted  into  movable 
bridges  at  some  future  time  with  small  expense.  All  movable 
bridges  are  to  be  operated  by  electric  power,  which  is  now  gener- 
ally available. 

All  bridges  of  less  than  about  200  ft.  are  riveted  throughout. 
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Those  of  longer  spans  than   200   ft.   are   pin-connected.      Plate 
girders  are  used  for  a  few  short  spans  at  the  lower  ends  of  locks. 

All  bridges  in  cities  and  towns  and  where  there  is  a  reason- 
able prospect  for  a  future  development  of  a  large  town  or  manu- 
facturing center  are  designed  as  city  bridges  for  20-ton  road  roll- 
ers and  for  double-track  electric  railways  where  there  is  a  reason- 
able prospect  of  the  construction  of  such  a  railway.  Such  bridges 
have  floors  paved  with  creosoted  yellow  pine  blocks,  and  the 
sidewalks  are  made  of  reinforced  concrete.  Bridges  in  country 
districts  have  yellow  pine  plank  floors  for  the  earlier  designs  and 
a  special  floor  for  the  later  designs.  The  special  floor  consists 
of  hard  maple  strips  about  I  in.  thick  by  2§  or  3!  in.  wide  (ac- 
cording to  the  thickness  of  the  floor),  dipped  in  asphalt  of  proper 
consistency  and  fastened  together  to  form  slabs  by  means  of 
3^-in.  bolts.  The  slabs  are  spiked  to  wooden  nailing  strips  on 
top  of  steel  stringers.  Where  a  good  quality  of  maple  is  used, 
these  floors  give  excellent  satisfaction. 

Contract  Prices. 

The  following  table  shows  the  contract  prices  for  the  larger 
items  of  work  under  contract.  This  table  shows  rather  large 
variations  in  prices  bid  for  various  classes  of  work.  It  should 
be  remembered  that  the  first  contracts  were  let  in  1905  and  that 
bids  have  been  received  several  times  every  year  since  that  date. 
This  covers  at  least  one  rather  severe  financial  depression  and 
two  periods  of  increased  cost  of  work. 


Contract 

Prices. 

Contract. 

Excavation. 
Nature.                 Price. 

Embankment.    First. 

Concrete. 
Second.    Third, 

Wash- 
.     wall. 

I 

Dry-Wet 

$0.57! 

$o.n| 

$7-75 

$6.75 

$5-85 

$1.90 

2 

Dry 

0.40 

0.12 

6.50 

5-50 

4-5o 

I.50 

2- 

■E 

0-54 

.      0.15 

0 

6.25 

0 

2.00 

3 

Dry 

0.41 

0.12 

6.65 

6.15 

5-25 

I.50 

4 

0.14 

o.oSj 

0 

5.20 

0 

2.12 

5 

Dry-Wet 

0.12I 

o.09§ 

5-65 

5-25 

2-35 

6 

Dry 

0.46J 

0.15 

0 

5-25 

4.90 

0.80 

7 

Brid 

ges  Contracts 

2,  3-  4-  5 

and  6. 

8 

0.60 

0.15 

0 

7.00 

6.00 

0 

9 

0.50 

0.17 

0 

6-75 

6.25 

2.50 

10 

0.86 

0.15 

8.00 

6.40 

0 

2.00 

11 

Dry 

0.51 

ist-o.io 
2d-o.o5 

0 

5.00 

0 

2.09 

12 

Div.  i-Wet 

1.89 

Di 

v.  2-Dry 

0.561 

0.165 

0 

7-15 

0 

2-75 

Div.  3-D.  &  W. 

0.308 

Div.  4-D.  &  W. 

0.187 
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Excavation.  Concrete. 

Wash- 
Contract.  Nature.  Price.  Embankment.    First.   Second.    Third,     wall. 

13  Bridges  Contract  18  and  part  of  Contract  12. 

14  Dry-Wet  $0,735  ist-Jto.17 

2d-0.11        $8.00    $7.50    $6.50    $2.50 

15  Dry-Wet  0.285  OI75  o        6.00         o        2.25 

16  Bridges  Contracts  11,  25  and  27. 

17*  0.96  0.12  o  6.50  6.30  1.50 

17  0.96  0.12  o  6.86  6.30  1.50 

18  0.52  0.15  o  6.25  o  1.50 

19  0.60 

0.17I  0.14  o        6.40         o  1.35 

20-A  Wet                 0.80  0.18  o        .0           o  2.40 

20-B  Wet       .         0.638  0.16J  000  2.20 

20-C  Wet                 0.51  0.18  0000 

20-D  Wet                 0.51  0.18  o      12.00         o  12.00 

21  0.48  0.15  o       7.00        o  1.75 

■22  Bridges  on  part  of  Contract  No.  12. 

23  0.28  0.04  o        6.40         o  2.00 
24 

25  D.  &  W.  0.23 

26  Wet  0.34I 

27  W.  &  D.  0.26 

29  0.22I 

30  0.3375 

3i  1-25 

32  Needle  dams,  locks  gates  and  valves,  Contracts  3,  25  and  27. 

33  000        9.50 

34  *  Saratoga  Avenue  Bridge,  Waterford. 

35  i-Hi  °-I2i  o        7-20 

36  Operating  winches  for  movable  dams. 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
49 
50 
53 
54 
55 
60 


*  Relet 


0.10 

0 

5-75 

0 

1.80 

0 

0 

0 

0 

0 

0.15 

0 

6.50 

0 

2.00 

0.09 

0 

6.50 

0 

2.10 

0.15 

0 

6.50 

6.50 

2.00 

0.14 

0 

5-90 

0 

0 

Wet 

1.74 

0.18 

0 

6.50 

0 

2.00 

0.50 

0 

0 

7.00 

6.50 

0 

Wet 

0.83 

0 

0 

7-50 

0 

2-45 

Dry  Wet 

0.78 

0.15 

0 

7.00 

6.50 

2.50 

0.22 

0.04 

0 

10.00 

0 

0 

0.19 

O.II 

0 

6.00 

0 

2.00 

Dry  Wet 

0.18 

0.08 

0 

6.00 

0 

i-75 

0.205 

0.08 

0 

6.50 

0 

1.85 

Dry 

0.42 

0.15 

8.00 

6-75 

0 

2.00 

Dry  Wet 

0.17 

0.10 

0 

6.25 

0 

0 

Dry  Wet 

0.199 

0.15 

0 

6.10 

0 

0 

0.23 

0.15 

0 

5.60 

0 

i-75 

0.46 

0.28 

0 

6.00 

5.00 

0 

0-75 

0.15 

0 

6-35 

0 

0 

0.36 

0.18 

0 

6.40 

0 

2,50 

0.65 

0.18 

0 

7.00 

0 

2.00 

0-53 

1st 

CI 

0.18 

2d   CI 

0.14 

0 

9.00 

7.80 

2.50 

NEW  YORK    STATE   BARGE   CANAL.  99 


Contract. 

Excavati 
Nature. 

on. 
Price. 

Embankment 

.    First. 

Com  n  1 ' 
Second. 

Third. 

Wash- 
wall. 

61 

$0.60 

1st  CI  $0.15 

2d   CI 

0.12 

$8.00 

$7-50 

$6.00 

$2.50 

62 

Wet  &  Dry 

O.64 

0.2I§ 

O 

7-5o 

6.75 

2.00 

63 

o-33 

(Dry) 

0.18 

O 

7.00 

6.00 

2.50 

64 

O.58 

1st  CI 

0.18 

2d  CI 

0.14. 

O 

9.00 

7.80 

2.50 

66 

O.497 

1st  CI 

0.18 

2d  CI 

O.I4 

0 

9.00 

7.80 

2.50 

67 

i-45 

0.15 

0 

6.25 

0 

0 

68 

o-75 

Wet 

0.05 

Dry 

0.12 

O 

6.25 

0 

2.5a 

69 

0.85 

0.18 

0 

6.25 

0 

O 

70 

Wet 

0.99 

0.15 

O 

7.00 

0 

2.25 

71 

Wet  &  Dry 

2.00 

0.15 

0 

7.00 

0 

2.50 

72 

1.24 

0 

0 

0 

0 

O 

73 

Wet 

0.52 

(Wet) 

0.15 

0 

7.00 

0 

2.50 

75 

0 

0 

0 

11.00 

0 

O 

78 

Wet 

0.19I 

0.14 

0 

7.00 

0 

2.15 

79 

1. 00 

0 

0 

8.00 

0 

O 

2  7- A 

W.  &  D. 

0.198* 

0.44 

0.165 

0 

7.70 

0 

2.20 

90 

0-45 

0.30 

0 

8.50 

0 

0 

Costs. 

The  cost  of  excavation  per  cubic  yard,  including  deprecia- 
tion, interest  and  overhead  charges,  has  been  as  follows: 

Earth  Excavation. 

By  hydraulic  dredge from  $0.05  to  $0.16 

By  dipper  dredge 0.13  to  0.30 

By  ladder  dredge 0.15  to  0.25 

By  clamshell  dredge 0.09  to  0.15 

By  revolving  excavators  and  scraper  bucket 0.05  to  0.28 

By  towers  and  scraper  buckets 0.1 1  to  0.20 

By  steam  shovel 0.10  to  0.40 

By  graders 0.14  to  0.30 

By  hand  and  team 0.14  to  0.60 

Rock  Excavation. 

Dry  rock  by  steam  shovel $0.30    to  So. 75 

Dry  rock  by  hand  and  derrick 2.00  (average) 

Wet  rock 1.00  to    2.25 

*  Excavation  from   spoil   banks. 
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Channeling  has  cost  from  22  cents  to  38  cents  per  square 
foot,  depending  on  the  character  of  the  rock,  the  rock  channeled 
having  varied  from  soft  badly  broken  shale  and  slate  to  hard  lime- 
stone. 

The  cost  for  second-class  concrete  has  been  from  $4.20 
to  $7.00  per  cubic  yard  in  place,  including  depreciation,  interest 
and  overhead  charges. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  November  1,  191 1,  for  publica- 
tion in  a  subsequent  number  of  the  Journal.] 


NOTES  ON  PILE  PROTECTION. 


By  T.  Howard  Barnes,  Member  Boston  Society  of  Civil  Engineers. 


[To  be  read  before  the  Society,  September  20,  191  i.J 

In  the  course  of  some  wharf  construction  for  the  Guatemala 
Railway  Company  in  Puerto  Barrios,  Guatemala,  it  became 
necessary  to  deal  with  some  creosoted  southern  United  States 
piles  which  had  been  in  place  for  about  seventeen  years.  These 
piles  were  nearly  all  of  them  in  fair  condition  excepting  at  and 
near  the  water  line,  but  at  this  belt  for,  say,  five  feet  in  width, 
most  of  them  were  badly  eaten,  many  having  cavities  extending 
completely  through  them,  the  result  of  the  combined  activity  of 
the  teredo  and  the  limnoria.  The  expense  of  replacing  these 
piles  with  new  ones  would  approximate  fifty  dollars  each.  The 
incentive  for  saving  them  by  placing  some  reinforcement  was  so 
great  that  the  writer  gave  much  time  to  its  consideration. 

The  first  idea  was  to  place  such  reinforcement  by  using  a 
chamber  clam-shell  like,  each  half  of  which  should  have  a  semi- 
circular opening  in  the  parting  line  of  the  bottom'  for  embracing 
the  pile  when  clamped  about  it,  and  which  would  admit  a  work- 
man after  unwatering  the  chamber,  the  annular  space  about  the 
pile  being  first  calked.  A  test  chamber  was  made,  but  trials  in 
controlling  it  against  the  effect  of  even  a  wind-chopped  sea  of 
moderate  force  proved  the  futility  of  rapid  and  economical 
manipulation,  and  the  idea  of  working  in  the  dry  was  abandoned. 
Had  the  apparatus  proved  successful  it  was  proposed  to  place  a 
reinforcement  of  nails,  poultry  netting  and  cement  mortar, 
similar  to  that  hereinafter  described  for  protecting  some  of  the 
piles  which  were  placed  in  the  new  construction. 

Accordingly,  forms  were  prepared  for  placing  in  the  wet 
about  the  old  piles  a  reinforced  cement-mortar  envelope  which 
should  have  a  width  of  about  8  ft.  and  a  minimum  thickness 
of  2  in.  These  forms  were  made  of  No.  26  gage  galvanized  iron 
shaped  into  cylindrical  shape  with  a  slight  taper  and  10  ft.  in 
length.  A  2-in.  by  3-in.  strip  of  pine  having  a  length  of  8  in. 
greater  than  the  form  was  attached  on  each  side  of  the  parting 
line,  which  was  up  and  down.  The  metal  was  folded  about  the 
strip  an  inch  on  to  the  three-inch  side,  leaving  two  inches  for 
attaching  an  oakum  strand,  which  was  needed  to  prevent  egress 
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of  mortar.  Two  2-in.  by  4-in.  stiffeners  of  same  length  as  the 
facing  strips  were  fastened  to  the  form  at  the  one-third  point  as 
shown  in  the  cut,  Fig.  1.  A  collar  of  2-in.  stock  made  from 
narrow  blocks  was  provided  at  the  foot  to  serve  as  a  gage  for 
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regulating    the   thickness  of    the  mortar,  as  well  as  serving  to 
calk    against    in    closing   the    foot    against    the   escape    of    the 

mortar. 

The  mortar  envelope  was  reinforced  by  a  wrapping  of  poultry 
fencing  of  No.  16  gage  with  i|-in.  mesh.     The  procedure  was; 
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first  to  scrape  off  the  mussel  growth  on  the  pile  to  be  treated. 
This  growth  forms  a  complete  mat,  but  is  detached  quite  readily. 
The  poultry  fencing  is  then  put  in  place.  This  is  made  up  into 
a  roll,  8  ft.  long,  and  having  enough  fullness  to  lap  on  to  itself 
several  inches  when  placed  about  the  pile.  The  form,  nearly 
buoyant  with  the  stiffeners,  is  then  floated  into  place,  first  hav- 
ing been  provided  with  a  wreath  of  fluffy  oakum  affixed  to  the 
collar.  The  facing  strips  are  closed  tightly  with  carriage  clamps 
hung  from  them  by  cords  of  such  length  that  when  the  clamps  are 
squared  into  horizontal  position  they  are  in  the  proper  place  for 
screwing  up  by  the  divers.  The  divers  are  naked,  and  their 
further  duties  are  to  close  the  bottom  of  the  form  effectually 
against  the  egress  of  the  mortar,  watching  carefully  that  none 
is  escaping  at  the  time  of  the  filling.  Steel  bars  8  ft.  long  of 
|-in.  stock  are  hung,  one  in  each  of  the  three  sections  of  the  form. 
They  have  a  shepherd's  crook  for  support  on  the  top  edge  of  the 
form,  and  are  used  for  slushing  the  mortar  into  compact  state 
as  it  fills. 

The  mortar  is  made,  one  part  cement  to  about  two  parts 
sand,  the  latter  being  silica  and  selected  as  coarse  as  possible, 
say  0.18  mm.  effective  size.  It  is  assured  that  there  is  a  little 
overfill  of  cement.  The  operation  of  filling  is  carried  on  rapidly, 
the  effect  of  the  slushing  rods  being  supplemented  by  tapping 
with  clubs  on  the  stiffeners,  resulting  in  securing  a  sound  mass 
excepting  in  the  lower  zone  of  about  eighteen  inches. 

It  will  be  noted  that  the  forms  were  made  2  ft.  longer  than 
the  reinforemcent  cage.  The  separating  of  the  sand  from  the 
cement  in  the  lower  portion  could  not  be  avoided  under  the  limi- 
tation of  having  to  drop  the  mortar  through  so  great  a  depth  of 
water;  accordingly  the  reinforcement  was  made  to  occupy  only 
the  sound  part  of  the  envelope. 

Fig.  2  shows  the  construction  and  the  finished  appearance  of 
the  work.  At  the  time  of  writing,  the  work  is  still  in  progress, 
with  a  record  showing  no  failures.  It  should  however  be  added 
that  at  times  much  delay  is  caused  by  difficulty  in  sealing  the 
foot  of  the  form.  It  is  useless  to  place  the  mortar  when  any  is 
escaping  at  the  bottom. 

The  expense  of  this  treatment  is,  —  labor  (contract  price), 
$8;  materials  (cement,  fencing,  etc.),  $4;  a  total  of  $12,  to  which 
should  be  added  the  expense  of  experimenting  and  overhead 
charges. 

There  seems  good  reason  to  expect  a  further  life  of  the  piles 
thus  treated  as  great  as  that  at  present  sustained. 
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Protection  of  Piles  before  Driving. 

There  was  also  used  experimentally  on  some  of  the  creosoted 
piles  in  new  construction  in  the  same  work  a  reinforced  mortar 
protection  applied  in  the  following  manner:  First,  wire  nails- — 
about  \2d. — were  driven  thickly  over  the  protected  zone  for 
one  third  their  length,  the  zone  being  10  ft.  wide;  next,  the  nails 
were  bent  over,  using  in  this  operation  a  short  length  of  small 
iron  pipe,  which  was  not  only  expeditious  but  prevented  the  nail 
from  making  the  angle  close  to  the  wood ;  a  wrapping  of  poultry 
fencing  of  the  before-described  class  was  then  attached;  a  coat 
of  Portland  cement  plastering  was  then  applied,  being  thoroughly 
troweled  in;  this  was  about  f  in.  thick  and  was  treated  when  set 
by  a  grout  wash  of  Portland  cement  mixed  in  a  solution  of 
water  glass.  The  envelope  was  kept  wet  until  well  set.  In 
respect  to  the  water  glass  it  is  too  early  to  note  its  effect  in 
resisting  the  action  of  sea  water. 

The  driving  of  these  piles  showed  the  following  features  of 
interest,  the  hammer  used  being  a  regular  drop-hammer  weigh- 
ing 2  500  lb.  Confining  the  drop  to  4  ft.,  the  envelope  was 
nearly  invariably  kept  intact ;  above  this  limit  of  drop  the  mortar 
was  detached  more  or  less,  occurring  nearly  always  at  those 
places  in  the  envelope  where  the  fencing  was  in  contact  with  the 
wood;  the  mortar  was  also  weakened  and  became  detached 
through  the  influence  of  the  creosote  which  had  cooked  out  of  the 
pile  and  permeated  the  mortar  as  it  lay  in  the  yard  exposed  to 
the  direct  sun  rays. 

The  cost  of  this  form  of  protection  was,  —  labor  (contract), 
$1.20;  materials,  about  $2.50;  a  total  of  $3.70,  exclusive  of 
overhead  charges.  It  must  also  be  observed  that  the  handling 
cost  in  placing  the  piles  in  the  yard  in  position  to  be  treated  was 
additional  and  amounted  to  a  considerable  item.  This  expense 
applied  of  course  in  the  case  of  any  desired  treatment,  such  as 
coppering,  etc.  More  care  in  dragging  out  the  above-described 
piles  over  the  ground  from  the  yard  was  actually  required  than 
in  the  case  of  those  protected  with  copper  yellow-metal.  The 
expense  of  yellow-metal  covering  in  20-oz.  weight  was  three  times 
that  of  the  mortar  protection. 

Conclusions.  —  If  the  netting  be  placed  so  as  to  be  free 
from  contact  with  the  wood,  leaving  a  clear  space  of  about  \  in. 
for  the  mortar  to  enter  and  get  a  grip  of  the  wire,  ordinary  hand- 
ling with  careful  driving  will  not  injure  the  envelope;  certainly 
the  use  of  a  steam  hammer  would  insure  entire  freedom  from 
damage  in  driving.     When  applied  to  creosoted  piles  there  should 
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be  maintained  a  shade  to  prevent  the  exuding  otherwise  of  a 
serious  amount  of  creosote  under  the  heat  of  the  direct  sun  rays. 

General.  —  It  may  anticipate  some  reader's  query,  "  How 
do  you  account  for  the  confining  of  the  activity  of  the  sea  pests 
to  so  narrow  a  belt?  "  to  remark  that  the  clearness  of  the  water 
seems  to  govern  the  activity  of  the  teredo  and  of  the  limnoria. 
The  Puerto  Barrios  harbor  bottom  is  a  mineral  ooze,  very  easily 
stirred  up.  Other  localities,  like  Port  Limon  in  Costa  Rica, 
where  the  limnoria  has  been  active  enough  at  depths  of  25  ft.  to 
eat  off  creosoted  piles  in  seven  years,  having  clear  water  to  the 
bottom,  show  an  activity  of  the  borers,  which,  while  greatest 
at  the  water  line,  extends  to  the  ground. 

Local  conditions  of  murkiness  of  water  may  account  for 
curious  differences  of  such  activity  in  neighboring  wharves  which 
the  writer  has  had  cited  to  him  as  occurring  in  our  northern 
waters. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  November  1,  191 1,  for  publica- 
tion in  a  subsequent  number  of  the  Journal.] 


DISCUSSION  OF  PAPER,   "A    NEW  THEORY  FOR    THE    DESIGN 
OF  REINFORCED  CONCRETE  RESERVOIRS." 


(Volume  XLVI,  Page  391,  June,  191 1.) 


Mr.  Alfred  D.  Flinn. — Mr.  Andrews'  paper  on  design 
of  reinforced  concrete  reservoirs  in  the  June,  191 1,  Journal, 
and  the  discussion  of  that  paper,  constitute  a  valuable  contribu- 
tion to  the  working  literature,  not  only  of  concrete  standpipes, 
but  of  reinforced  concrete  conduits  and  similar  structures.  The 
theory  advanced  contains  a  number  of  elements  which  were 
adopted  about  two  years  ago  by  the  engineers  of  the  Board  of 
Water  Supply  of  the  City  of  New  York  for  the  design  of  rein- 
forced concrete  pipes,  based  upon  numerous  large  experimental 
pipes,  laboratory  tests  and  theoretical  investigations.  I  have 
asked  Designing  Engineer  Fred  F.  Moore,  of  the  Board's  staff, 
to  state  this  theory,  with  a  brief  description  of  the  resulting 
designs. 

In  reading  the  paper  and  discussion,  the  writer  is  impressed 
with  the  lack  of  mention  of  one  important  feature  of  the  treat- 
ment of  concrete  structures  intended  to  contain  water  as  well  as 
of  other  concrete  structures,  namely,  the  necessity  for  keeping 
the  concrete  moist  or  wet  all  the  time  after  the  forms  are  removed 
for  about  two  weeks,  unless  it  is  sooner  covered  with  earth  or 
other  permanent  protection.  Tests  show  that  concrete,  which 
hardens  wet  suffers  little  or  no  shrinkage  and  is  denser  than  that 
which  hardens  dry.  Examples  of  the  value  of  keeping  concrete 
wet  came  to  the  writer's  attention  on  a  recent  visit  to  Portland, 
Ore.,  and  Seattle,  Wash.,  in  both  of  which  cities  large  new  dis- 
tributing reservoirs  were  being  lined  with  concrete.  In  both 
places  effectual  care  was  exercised  to  protect  the  freshly  de- 
posited concrete  from  the  hot  sun  and  to  keep  it  well  moistened 
by  almost  continual  spraying.  As  a  result,  so  the  writer  was 
informed,  no  cracks  were  observed  in  acres  of  lining  7  or  8  in. 
thick,  divided  into  blocks  as  large  as  about  16  by  30  ft.  The 
proportions  of  the  concrete  at  Portland  were  1:2:4  and  at  Seattle 
1:3:6.  In  both  places  a  layer  of  mortar  was  applied  to  the  top 
before  it  had  hardened.  About  four  years  ago  the  writer  built 
a  reinforced  concrete  house  about  42  ft.  square,  with  walls  8  in. 
thick,   lightly  reinforced   with   round   rods.     The  concrete  was 
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kept  moist  and  to  date  no  cracks  have  been  discovered.  It  is 
absolutely  proof  against  hard  rains  and  all  other  moisture,  al- 
though there  are  no  air  spaces  in  the  walls  and  the  interior  plaster 
was  applied  directly  to  the  concrete,  without  furring.  The  mix- 
ture was  1  part  of  vulcanite  cement,  2  parts  of  Cow  Bay  (Long 
Island)  sand  and  4  parts  of  f-in.  broken  trap  rock,  deposited 
quite  wet. 

Numerous  experiments  at  the  Board  of  Water  Supply 
laboratory  and  experience  in  actual  construction  have  shown  the 
futility  of  attempting  to  make  concrete  watertight  by  mixing 
with  it  any  of  the  so-called  waterproofing  compounds  or  by 
applying  subsequently  a  surface  plaster.  One  common  fault 
of  plasters  is  that  they  are  made  of  a  much  richer  mixture  than 
the  mortar  in  the  concrete  to  which  they  are  applied  and,  con- 
sequently, behave  in  a  different  way  as  they  set  and  harden. 
No  better  means  for  making  concrete  watertight,  and  at  the  same 
time  gaining  advantage  in  strength,  has  been  found  than  the 
liberal  use  of  cement,  intelligent  grading  of  the  aggregates, 
thorough  mixing  and  placing,  and  conscientious  moistening  after 
removal  of  the  forms. 

Repeated  observation  leads  the  writer  to  believe  that  much 
concrete  is  insufficiently  mixed.  A  few  years  ago  Mr.  Thomas  A. 
Edison  made  a  series  of  experiments  at  the  Edison  Cement  Works 
which  seemed  to  support  this  idea,  which  is  also  substantiated 
by  experience. 

Reinforced  concrete  containing  a  large  proportion  of  its 
bulk  of  steel,  or  rather,  having  a  large  surface  area  of  steel,  needs 
a  decidedly  larger  proportion  of  mortar  and  water  than  concrete 
containing  no  steel.  Thin  sections  also  need  more  water  than 
thick  ones  because  of  the  water  lost  through,  or  taken  up  by, 
the  forms,  especially  if  these  are  of  wood. 

Steel  for  reinforcing  concrete  structures  to  contain  water 
should  be  so  deformed  and  so  distributed  through  the  concrete, 
in  members  not  too  large,  as  to  work  with  the  concrete  to  the 
fullest  practicable  extent  in  resisting  stresses,  and  so  arranged  as 
to  make  readily  possible  the  placing  of  the  concrete  in  such  man- 
ner as  to  assure  thorough  continuity,  complete  contact  with  the 
steel,  and  the  maximum  density  throughout.  Concrete  con- 
structors have  recognized  that  this  requires  more  skilled  labor 
and  more  intelligent  supervision,  and  owners  must  recognize 
that  it  is  worth  more  money  and  should  be  paid  for  accordingly. 

Mr.  Andrews'  tensile  tests  of  concrete  are  interesting  but 
could  be  used  with  more  confidence  if  he  would  supply  further 
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details  as  to  how  thoroughly  the  specimens  were  rammed  into  the 
molds,  how  they  were  treated  until  the  time  they  were  tested, 
and  by  what  means  they  were  broken.  A  statement  in  the 
paper  indicates  that  the  concrete  was  made  with  gravel.  Would 
it  not  have  been  stronger  if  made  with  broken  stone? 

Methods  of  treating  the  joints  between  days'  work  in  con- 
crete or  between  successive  batches  have  been  so  successfully 
developed  by  Emerson  &  Norris,  of  Boston,  in  architectural  work, 
that  even  on  close  examination  no  appearance  of  such  joints  can 
be  detected.  Apparently  equally  successful  methods  for  secur- 
ing continuity  at  joints  are  desirable  for  hydraulic  structures. 
Until  such  methods  are  reliably  developed,  it  would  seem  advis- 
able to  insist  upon  continuous  work  in  the  walls  of  concrete 
standpipes  to  some  distance  above  the  so-called  critical  joint. 
In  some  cases,  however,  this  may  not  be  feasible. 

Some  remarks  in  the  discussion  lead  the  writer  to  believe 
that  possibly  in  some  cases  condensation  on  the  outside  of  con- 
crete standpipes  has  been  mistaken  for  seepage,  or,  on  the  other 
hand,  that  the  apparent  lack  of  seepage  on  bright  dry  days  has 
been  due  to  the  rapid  evaporation. 

Esthetic  consideration  of  engineering  structures,  especially 
those  so  conspicuous  as  water  towers  or  standpipes,  is  increasingly 
important.  The  writer  believes  that  the  time  is  already  fast 
approaching  when  it  will  be  considered  as  great  a  moral  crime 
to  affront  the  good  taste  of  our  fellow  citizens  as  to  jeopardize 
their  health.  Why  should  we  not  seek  to  beautify  our  com- 
munities and  our  country  by  our  works  instead  of  disfiguring 
otherwise  beautiful  scenes?  Europe  is  finding  to-day  that 
beautiful  public  works  and  buildings  constructed  in  days  gone 
by  are  genuine  assets  in  attracting  tourists,  with  the  consequent 
financial  advantage. 

As  a  detail  in  improving  the  appearance  of  concrete  struc- 
tures, a  non-staining  cement  is  highly  desirable.  Cannot  cement 
manufacturers  produce  a  cement  which,  while  losing  none  of  the 
good  qualities  of  the  cement  now  offered,  will  have  very. decidedly 
less  tendency  to  effloresce  or  otherwise  cause  disfigurement  of  the 
structures  in  which  they  are  used? 

The  writer  joins  with  others  in  expressing  the  hope  that  Mr. 
Andrews  will  find  it  convenient  to  answer  several  questions 
which  have  been  raised  in  the  discussion. 

Fred  F.  Moore,  M.  Am.  Soc.  C.  E.  —  One  of  the  types 
of  New  York  City's  Catskill  aqueduct  designed  for  construction 
in  open  cut  is  a  concrete   section,  reinforced  with  two  rings  of 
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steel  rods  and  a  nominal  amount  of  longitudinal  reinforcement. 
This  section  was  selected  for  those  places  where  the  aqueduct  is 
slightly  below  the  hydraulic  gradient  as  being  more  economical, 
while  at  the  same  time,  if  adequately  designed  and  properly 
constructed,  as  safe  and  certainly  as  permanent  as  any  other 
types  of  pressure  aqueduct  conceived  for  construction  in  open 
cut.  These  stretches  of  reinforced  concrete  aqueduct  are  rela- 
tively short  and  under  heads  exceeding  in  no  case  50  ft.  on  the 
center  of  the  pipe.  The  Kensico  bypass,  12  170  ft.  in  length,  is 
the  longest.  This  is  11  ft.  inside  diameter  and  under  a  head  of 
1 1. 5  ft.  on  the  center  for  the  ordinary  conditions,  but  a  possible 
emergency  head  of  42.5  ft.  had  to  be  provided  for.  Other 
stretches  of  this  kind  of  aqueduct,  including  three  Venturi  meter 
tubes,  aggregate  about  3  800  ft.  The  diameters  vary  from  7  ft. 
9  in.  at  the  throat  of  the  meters  to  17  ft.  for  the  largest  aqueduct, 
and  working  heads  on  center  of  aqueduct  are  from  12  ft.  to  48  ft. 

This  reinforced  concrete  aqueduct  presents  a  problem  in 
design  somewhat  similar  to  the  reinforced  concrete  reservoirs, 
but  differing,  in  that  the  loads  producing  stresses  are  far  from 
uniform  around  the  circumference.  These  aqueduct  sections 
are  loaded  internally  and  externally.  The  internal  load  results 
from  a  head  of  water  in  most  cases  not  more  than  two  or  three 
times  the  diameter,  giving  a  pressure  at  the  bottom  greater  than 
at  the  top.  The  external  loads  producing  stresses,  including  the 
weight  of  the  masonry,  as  well  as  refills  and  embankments,  are 
far  from  uniform.  In  one  case  the  section  is  subject  to  the  loads 
resulting  from  the  crossing  of  a  steam  railroad.  Such  loading 
as  this  introduces  into  the  rib,  besides  direct  stresses,  flexural 
stresses  of  magnitude  requiring  serious  attention. 

Early  in  the  studies  looking  to  the  design  of  this  type  of 
aqueduct,  the  basic  principles  set  forth  by  Mr.  Andrews  were 
recognized  as  essential  in  obtaining  water  tightness  and  adequate 
protection  for  the  steel.  Besides  the  loss  of  water  and  other 
evils  incidental  to  leakage,  which  obtain,  in  general,  for  all 
types  of  aqueduct,  we  have  the  peculiar  objection  in  the  type 
under  discussion  that  leakage  past  the  reinforcing  metal  would 
undoubtedly  give  rise  to  corrosion  and  subsequent  erosion  of  the 
steel.  In  removing  some  reinforced  concrete  test  pipes,  con- 
siderable pitting  was  observed  where  reinforcement  passed 
through  porous  portions  of  the  concrete.  Examination  of  the 
water  from  a  leak  of  95  gal.  per  twenty-four  hours  was  found  to 
contain  4.9  parts  per  million  of  iron,  or  this  leak  carried  off  iron 
at  the  rate  of  nearly  8  in.  of  f-in.  round  rod  per  year.     This  leak 
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produced  iron  stains  on  the  side  of  the  pipe  and  upon  fabric 
suspended  near  it.  That  iron  was  taken  up  from  the  steel 
reinforcing  bars  in  considerable  quantity  by  the  leaking  water 
is  further  evidenced  by  analyses  of  water  leaking  through  other 
parts  of  this  pipe  which  had  an  iron  content  of  only  1.5  parts 
per  million,  presumably  obtained  largely  from  the  cement-and 
aggregates  of  the  masonry.  Accordingly,  the  condition  was 
imposed  that  the  concrete,  when  acting  with  the  steel  in  tension, 
should  not  be  stressed  to  the  breaking  point.  Furthermore,  the 
stress  in  the  steel  when  acting  alone,  at  an  accidental  joint  which 
might  form  in  the  concrete,  must  be  so  low  that  the  opening  of 
the  joint,  through  stretching  of  the  metal,  would  not  be  wide 
enough  to  permit  the  passage  of  water. 

When  the  studies  were  undertaken,  the  only  pipes  of  this 
kind  on  record  were  some  constructed  by  the  United  States 
Reclamation  Service.  While  these  pipes  were  reasonably  tight, 
a  study  of  the  conditions  indicated  that  a  considerable  turbidity 
of  the  water  was  a  material  factor  influencing  the  leakage.  It 
appeared  that  cracks  in  the  concrete  were  probably  closed  by  the 
entrained  fine  silt  extracted  from  the  water.  As  appreciable  silt- 
ing of  cracks  could  not  be  expected  from  the  clear  potable  water 
which  is  to  flow  in  the  Catskill  aqueduct,  tests  under  conditions 
approximating  as  closely  as  possible  those  of  the  actual  service 
appeared  justified  as  a  precedent  to  the  design  of  such  important 
structures.  These  reinforced  sections  are  for  the  most  part  an 
integral  part,  in  a  single  unit  in  any  one  place,  of  the  main  aque- 
duct, and  should  be  as  tight,  safe  and  lasting  as  the  standard 
plain  concrete  section  which  is  liberally  designed  that  it  may  give 
long  continuous  service. 

A  test  section  11  ft.  in  diameter  and  210  ft.  long  was  con- 
structed on  the  aqueduct  line  in  the  bottom  of  one  of  the  mod- 
erate depressions,  to  become,  if  found  satisfactory  upon  test,  a 
part  of  the  permanent  structure.  This  test  section  was  8  in. 
thick,  reinforced  with  rings  of  twisted  square  bars  in  part  with 
single  rings  of  if -in.  bar,  4f-in.  spacing,  and  in  part  with  double 
rings  of  i-in.  bar,  4jf-in.  spacing.  The  concrete  was  mixed  in 
the  proportion  of  one  volume  of  cement  to  5!  volumes  of  aggre- 
gates, broken  stone  with  sand  and  with  screenings,  and  gravel 
with  sand  being  used.  Beam  tests  of  the  concrete  indicated  by 
the  common  straight-line  formula  an  average  tensile  strength  of 
about  400  lb.  to  the  sq.  in.,  the  minimum  strength  being  321. 
On  account  of  the  reduction  of  the  modulus  of  deformation  of 
concrete  as  the  tensile  stress  approaches  the  ultimate  strength, 
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the  actual  tensile  strength  of  the  concrete  may  be  as  much 
as  20  per  cent,  under  these  values.  The  pipe  was  tested  when 
six  and  one  half  to  eight  months  old.  This  pipe  was  quite  satis- 
factory when  tested  up  to  pressures  of  about  40  lb.  to  the  sq.  in., 
but  leaked  through  joints  which  formed  in  the  concrete  at  higher 
pressures.  Up  to  40  lb.  the  tests  showed  the  small  leakage  con- 
sistent with  the  ordinary  laws  of  percolation  through  concrete. 
Above  this  pressure,  the  percolation  increased  rapidly,  and  at  the 
higher  pressure,  54  lb.,  numerous  longitudinal  cracks  formed, 
some  large  enough  to  be  plainly  visible  on  the  outside,  but  mostly 
small  and  visible  only  on  the  inside  while  drying.  On  the  average 
a  longitudinal  crack  appeared  for  about  every  six  inches  of  the 
upper  part  of  the  circumference. 

These  tests  confirmed  quantitatively  the  strong  qualitative 
impression  already  formed  as  to  the  control  of  stresses  in  the 
materials  necessary  for  a  reasonable  measure  of  water-tightness. 
An  analysis  of  the  results,  supported  to  some  extent  by  experi- 
ence with  similar  pipes  constructed  by  the  Reclamation  Service, 
led  to  the  adoption  of  200  lb.  per  sq.  in.  for  maximum  working 
tensile  stress  in  concrete,  concrete  and  steel  acting  together,  and 
6  000  lb.  per  sq.  in.  for  maximum  working  tensile  stress  in  steel 
when  concrete  takes  no  tension  as  at  an  accidental  joint.  The 
sections  were  investigated  for  controlling  load  conditions  at  all 
critical  planes  with  reference  to  both  of  these  conditions,  but 
it  was  discovered  that,  in  general,  the  design  of  steel  to  take  all 
of  the  stress  met  the  condition  imposed  for  stress  in  concrete  and 
steel  acting  together. 

Study  of  these  test  sections  and  other  observations  on 
behavior  of  concrete  showed,  among  other  things,  the  particular 
importance  in  these  structures  of  keeping  the  concrete  wet  until 
thoroughly  set.  If  the  masonry  is  allowed  to  set  dry,  the  shrink- 
age may  produce  an  initial  tensile  stress  in  it,  with  a  correspond- 
ing compression  in  the  steel,  which,  together  with  the  load 
stresses,  may  break  the  concrete.  Even  with  the  best  of  man- 
agement, the  initial  stress  in  the  materials  due  to  shrinkage  of 
the  concrete  is  an  uncertain  factor,  which  must,  in  the  design, 
be  recognized  in  determining  the  quantity  and  distribution  of 
materials. 

When  concrete  is  cast  against  a  smooth  metal  form,  there  is 
produced  a  surface  skin  which,  compared  to  the  bulk  of  the  con- 
crete, is  highly  resistant  to  the  passage  of  water.  Some  labora- 
tory tests  made  in  connection  with  this  and  other  work  indicated 
the  porosity  under  water  pressure  of   1:2.6:4.9  concrete  6  in. 
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thick  with  surface  skins  intact  to  be  only  1.2  per  cent,  of  same 
concrete  without  surface  skins.  The  value  of  the  two  surface 
skins  in  resisting  the  passage  of  water  was  accordingly  equal  to 
many  feet  of  concrete.  This  proportion  would  undoubtedly  be 
reduced  with  a  concrete  richer  in  cement,  but  nevertheless,  the 
conclusion  is  warranted  that  the  tightness  of  a  concrete  pipe 
depends  in  large  measure  upon  the  continuity  of  the  surface 
skins,  particularly  the  interior  one.  Screenings  were  found  not 
as  satisfactory  as  natural  sand  in  producing  a  uniformly  dense 
concrete  with  a  satisfactory  surface  skin. 

Experiments  with  the  test  sections  showed  that  the  pressure 
cracks  differed  from  the  original  porosity  of  the  concrete,  in  that 
they  did  not  tend  to  silt  up.  On  the  contrary,  the  pressure 
cracks  seemed  to  enlarge  with  repeated  applications  of  the 
pressure,  which  is  not  surprising  when  it  is  remembered  there  is 
but  little  besides  the  friction  between  the  steel  and  concrete  to 
prevent  the  whole  elongation  of  the  steel  appearing  as  cracks  in 
the  masonry. 

The  designed  sections  differ  somewhat,  in  appreciation  of 
varying  local  conditions,  but  the  section  presented  for  analysis 
of  stresses  was  essentially  a  masonry  ring  with  transverse  steel 
rods  embedded  near  the  inner  and  outer  surfaces.  The  masonry 
is  gradually  thickened  somewhat  from  the  top  toward  the  hori- 
zontal diameter  and  considerably  at  the  side-bottom  for  an  ade- 
quate foundation  bearing.  For  construction  in  deep  rock  cuts 
advantage  is  taken  of  side  support  and  anchorage,  afforded  by 
the  rock  contact,  in  a  special  section  designed  with  thinner  rib 
below  the  horizontal  diameter  and  the  omission  of  steel  from  the 
bottom.  The  steel  is  everywhere  covered  by  a  nominal  thick- 
ness of  not  less  than  4  in.  of  concrete.  This  concrete  cover, 
which  appears  excessive  when  compared  with  good  reinforced 
concrete  design  under  some  conditions,  is  believed  to  be  justified 
in  these  water-carrying  structures  by  the  importance  of  having 
a  sufficiently  ample  concrete  protection  for  the  steel,  after  a 
reasonable  allowance  for  unavoidable  inaccuracies  in  placing. 

The  economical  shape  of  masonry  section  and  relation  be- 
tween concrete  and  steel  areas  had  to  be  determined  by  compari- 
son of  trial  sections,  the  design  of  each  one  of  which  was  per- 
fected sufficiently  for  the  purpose  only.  In  each  case,  several 
possible  loadings  had  to  be  independently  investigated  to  dis- 
cover the  critical  condition. 

The  method  adopted  for  stress  determination  was  largely 
a  graphical  one.     Resultant  force  lines  were  drawn  in  the  usual 
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way;  that  one  which  fixes  the  position  of  the  center  of  internal 
stress  in  the  materials  being  determined  by  applying  the  "  least 
work  "  criterion.  This  theorem  of  Castigliani  recognizes  that 
the  distribution  of  stress  in  a  stable,  elastic  rib  supporting 
external  forces  will  be  such  that  the  aggregate  work  performed 
by  the  internal  forces,  or  stresses,  is  a  minimum.  In  these  sec- 
tions, the  external  forces  were  in  all  cases  symmetrical  about  the 
vertical  axis,  or  so  nearly  so  that  the  direction  of  resultant  forces 
at  middle  of  crown  and  invert  could  be  taken  as  horizontal. 
The  true  line  had  to  be  sought  by  the  laborious  "  cut-and-try  " 
process,  but  experience  soon  gave  such  adeptness  that  the  line 
could  generally  be  determined  nearly  enough  for  practical  pur- 
poses in  three  or  four  trials. 

It  is  unnecessary  to  determine  the  actual  work  done,  as,  with 
a  fixed  condition  of  external  loading  for  any  rib,  there  are  cer- 
tain terms  and  factors  in  the  expression  for  total  work  which  are 
common  to  all  assumed  positions  of  the  resultant  force  line. 
The  resultant  force  line  corresponding  to  least  work  done  by 
internal  stresses  is  indicated  by  the  line  giving  the  least  summa- 

M2    P2 
tion   of  the   values   of  — +.- —     (1),  in  which 

1  /x 

A  =area  of  concrete  section  of  an  assumed  radial  plane. 

P  =  component  of  resultant  force  normal  to  the  assumed 
radial  plane. 

/  =  moment  of  inertia  of  concrete  section  of  the  assumed 
radial  plane  about  its  center  of  gravity. 

M  =  bending  moment  of  force  P. 

In  expression  (1),  the  first  term  refers  to  the  influence  of  the 
force  P  in  producing  flexure,  and  the  second  term  to  the  direct 
stress  influence. 

For  convenience,  a  length  of  12  in.  of  section  was  considered 
in  the  analyses,  and  all  quantities  were  taken  in  inches  and 
pounds.  In  all  of  the  cases  studied,  P  was  a  tension  force,  but  a 
condition  of  loading  is  possible  in  such  structures  which  would 
make  it  more  convenient  to  approach  the  problem  in  such  a  way 
that  P  would  become  for  a  portion  or  all  of  the  rib  a  compressive 
force. 

The  obvious  value  for  I  in  the  test  expression  is  the  moment 
of  inertia  of  the  reinforced  section  with  respect  to  its  neutral 
axis  when  under  the  stress  conditions  obtaining,  but  the  use  of 
the  moment  of  inertia  of  the  plain  concrete  section,  neglecting 
the  steel,  with  respect  to  its  center  of  gravity  will  indicate  the 
same  resultant  force  line. 
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When,  as  in  these  sections,  reinforcement  consists  of  bars 
of  equal  area  symmetrically  placed  with  respect  to  an  axis 
through  the  center  of  gravity  of  the  concrete  section,  the  neutral 
axis  of  the  reinforced  section  for  consideration  of  flexural  stresses 
alone  coincides  with  that  of  the  plain  concrete  section,  if  the 
modulus  of  elasticity  of  steel  and  concrete  are  taken  as  respec- 
tively constant  and  of  the  same  value  for  both  tension  and  com- 
pression. This  is  a  reasonable  assumption  within  the  limits 
set  for  the  working  stresses.  The  moment  of  inertia  of  the  rein- 
forced section  is  larger  than  that  of  a  plain  concrete  section  of 
the  same  shape  and  area,  but  by  a  quantity  which  is  constant 
in  each  joint  for  all  values  of  M;  hence  the  moment  of  inertia 
of  the  plain  concrete  section  may  be  used  in  the  test  expression 
as  a  measure  of  the  work  done  by  internal  stresses,  for  we  are 
concerned  with  differentials  only  and  not  with  actual  values. 
When  there  is  a  direct  stress  along  the  axis  of  the  rib  in  addition 
to  flexural  stresses,  the  neutral  axis  is  no  longer  at  the  center  of 
gravity  of  the  section,  but  /  occurs  in  that  part  of  the  test  ex- 
pression indicating  flexural  stresses  only  in  which  the  moment  of 
inertia  of  the  plain  concrete  section  may  be  properly  used.  If 
the  concrete  cracks,  the  steel  must  carry  all  the  tension  and  the 
neutral  axis  will  move  away  from  the  center  of  gravity  of  the 
concrete  section  by  a  quantity  constant  for  all  values  of  M, 
depending  only  upon  the  stresses  in  the  steel  and  concrete  and  the 
relation  between  the  moduli  of  elasticity  of  these  materials. 
Since  the  difference  between  the  axes  is  constant,  the  difference 
between  the  true  moment  of  inertia  of  the  section  and  that  of  the 
plain  concrete  is  constant,  and  a  constant  error  in  the  moment 
of  inertia  has  no  influence  upon  the  determination  of  the  resultant 
force  line. 

For  all  cases,  then,  the  moment  of  inertia  of  the  plain  con- 
crete section,  with  respect  to  its  center  of  gravity,  may  be  used 
for  i"  in  test  expression  (i)  for  finding  the  true  resultant  force 
line.     Substituting  for  M  its  equivalent  P  X  n,  and  canceling 

P-n-     P2  ,  ,       , 
constants,  the  expression  becomes  ^tt^+t-  (2)>  where 

h3        h 

n  =  distance  from  point  of  application  of  P  to  center  of  radial 
plane. 

h  =  length  of  radial  plane. 

Having  determined  the  true  resultant  force  line  and  the 
force  polygon,  the  values  of  the  components  of  the  resultants 
normal  to  the  assumed  planes  and  the  eccentricity  of  applica- 
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tion  of  each  are  obtained  from  them.  With  these  data,  the  maxi- 
mum tension  in  the  steel  and  other  stresses  for  each  assumed 
plane  are  computed-  and  the  size  and  spacing  of  the  rods  chosen 
to  best  meet  the  requirements. 

For  cases  where  the  concrete  is  assumed  to  take  its  pro- 
portionate part  of  the  tension,  the  presence  of  forces  producing 
flexure  does  not  cause  any  movement  of  the  neutral  axis  and  the 
solution  of  stresses  does  not  differ  from  that  of  any  homogeneous 
beam,  except  that  the  steel  must  be  recognized  in  determining 
the  value  of  the  moment  of  inertia. 

The  condition  assuming  no  tension  in  the  concrete  presents 
three  distinct  cases  for  solution:  (I)  When  the  reinforcement  on 
both  sides  of  the  rib  is  in  tension  and  no  compression  is  present 
in  the  concrete;  (II)  when  part  of  the  concrete,  including  one 
reinforcing  bar,  is  in  compression  while  the  other  bar  is  in  ten- 
sion; and  (III)  when  the  reinforcement  on  both  sides  is  in  tension 
and  there  is  still  some  compression  in  the  concrete. 

The  first  case  obtains  when  the  resultant  external  force  inter- 
sects the  assumed  radial  plane  near  its  center  and  is  solved  by 
resolving  the  component  of  the  resultant  external  force  to  the 
radial  plane  into  two  parallel  forces  acting  at  the  centers  of  the 
steel  bars.  For  the  solution  of  cases  II  and  III  a  cubical  equa- 
tion was  derived  containing  two  unknown  quantities,  —  the  area 
of  the  steel,  and  the  distance  from  the  neutral  axis  to  the  most 
compressed  fiber  of  the  concrete.  This  was  solved  by  trial,  first 
assuming  a  value  for  the  steel  section  (preferably,  of  course,  the 
area  of  some  commercial  size  of  rod  or  a  multiple  of  it).  It  was 
found  that  graphical  devices  aided  to  some  extent  in  this  step. 
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THE  ENGINEERING  PROBLEMS  OF  LAND  RECLAMATION. 


By  A.  M.  Shaw,  Member  of  the  Louisiana  Engineering  Society. 


[Read  before  the  Society,  April  io,  191 1.] 

In  the  reclamation  of  lands  for  farming  or  other  purposes, 
the  incentive  is  usually  a  commercial  one.  This  is  almost  in- 
variably the  case  in  regard  to  works  carried  on  in  this  country, 
and  in  a  broad  way  applies  to  the  draining  of  the  marshes  along 
the  Atlantic  coast  and  on  the  Canal  Zone,  where  swampy  places 
are  being  drained  to  get  rid  of  the  mosquito  pest.  Considering 
the  troubles  experienced  by  the  French,  it  is  probable  that  in  the 
canal  construction  our  government  has  received,  in  actual  in- 
creased efficiency  of  the  working  force  due  to  improved  sanitary 
conditions,  more  value  than  the  investment  represented  in  the 
work  of  sanitation.  Reclamation  work  is  occasionally  under- 
taken, howTever,  the  cost  of  which  is  so  great  that  no  adequate 
cash  returns  are  expected.  This  is  notably  true  of  some  of  the 
projects  of  Holland,  where  the  engineers  admit  that  the  profits 
will  never  reimburse  the  government  for  the  investment  made, 
the  prime  incentive  being  political  and  humanitarian.  The  little 
Dutch  monarchy  has  become  so  thickly  populated  that,  in  cer- 
tain sections,  the  living  conditions  have  become  intolerable  and 
the  people  have  been  forced  to  a  policy  of  expansion  to  prevent 
the  only  alternative  of  emigration  of  their  thrifty  farming  popu- 
lation to  other  countries. 

In  the  United  States  we  have  the  following  types  of  land 
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which  require  careful  and  scientific  treatment  in  order  that  they 
may  be  rendered  fit  for  cultivation : 

1.  Arid  lands. 

2.  Lands  impregnated  with  chemicals  injurious  to  plant  life. 

3.  Exhausted  lands. 

4.  Wet  lands. 

Since  the  federal  government  has  gone  into  the  real  estate 
business  by  irrigating  and  marketing  great  areas  of  the  arid 
West,  the  first-named  class  of  lands  and  the  methods  employed 
in  reclaiming  them  have  become  quite  generally  known.  Some 
of  the  most  daring  stunts  in  dam  construction  have  been  pulled 
off  during  the  past  decade,  and  many  new  methods  have  been 
developed.  While  some  of  the  government  projects  have  not 
proved  to  be  the  success  that  it  was  hoped  they  might  be,  they 
have  quite  generally  been  planned  along  rational  lines  and  have 
added  materially  to  our  national  resources.  It  is  hard  to  imagine 
a  sight  more  pleasing  than  that  of  a  well-tilled,  irrigated  valley 
set  in  between  arid  mountains.  The  appreciation  of  the  scene 
is  often  enhanced  by  the  experiences  of  the  trip  preceding, 
through  vast  stretches  of  rock,  sand,  dust  and  mesquite.  Evi- 
dences of  irrigation  works  which  were  constructed  in  prehistoric 
times  have  been  found  in  the  southwest,  and  some  portions  of  the 
old  canals  have  been  appropriated  and  made  a  part  of  a  newly 
constructed  irrigation  system. 

In  the  central  portion  of  Old  Mexico  are  numberless  examples 
of  old-time  irrigation  systems.  These  quite  generally  bear  evi- 
dence of  good  workmanship  and  show  the  wonderful  adaptability 
and  ingenuity  of  the  artisan  priests  who  accompanied  or  followed 
the  Spanish  invaders.  Many  of  the  designs  are  excellent,  but 
the  most  of  the  older  dams  owe  their  permanence  as  much  to  the 
good  material  and  workmanship  as  to  exceptional  design.  In 
fact,  after  traveling  hundreds  of  miles  through  the  great  central 
plateau  of  the  republic,  and  viewing  numberless  wrecked  dams 
and  abandoned  canal  systems,  one  is  led  to  ask  himself  if  pos- 
sibly these  fine  old  dams  that  have  stood  perhaps  for  centuries 
are  not  simply  other  examples  of  the  "  survival  of  the  fittest." 
Some  of  the  dams  now  standing  show  the  most  flagrant  disre- 
gard of  established  engineering  principles.  These  old-time  build- 
ers used  a  very  large  factor  of  safety  as  to  the  overturning 
moment,  labor  being  cheap  and  good  building  material  near  at 
hand.  Until  recently  very  little  Portland  cement  has  been  used 
in  the  country  districts. 

On  an  out-of-the-way  hacienda  in  the  western  portion  of  the 
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state  of  Aguascalientes  is  an  interesting  example  of  an  engineer's 
plans  gone  wrong.  A  dam  of  fifteen  or  twenty  meters  in  height 
was  to  be  built,  but  there  was  no  local  engineer  of  sufficient 
experience  to  prepare  the  plans.  One  of  the  influential  men  of 
the  place  undertook  to  obtain  the  assistance  of  an  English  engi- 
neer with  whom  he  was  acquanited.  Surveys  were  made  by 
local  talent  and  all  data  mailed  to  England,  where  detailed  plans 
were  prepared.  These  plans  were  closely  followed  by  the  build- 
ers excepting  that  the  position  of  the  dam  was  reversed,  in  order 
that,  as  the  engineer  in  charge  put  it,  the  extra  material  at  the 
toe  of  the  batter  might  hold  the  dam  down.  The  structure  still 
stands  without  showing  any  serious  effect  from  its  recent  reverses. 

The  alkali  lands  of  the  West  furnish  the  most  common 
example  of  soils  containing  chemicals  detrimental  to  plant 
growth.  Continued  irrigation,  especially  if  carelessly  done, 
usually  results  in  bringing  quantities  of  soluble  alkali  to  the 
surface.  At  the  foot  of  irrigated  slopes,  the  seepage  water  from 
the  higher  lands  brings  the  alkali  to  the  lower  fields,  which  are 
often  so  situated  that  no  outlet  for  proper  drainage  can  be 
secured.  The  only  cure  for  over-irrigated  lands  or  for  those 
heavily  impregnated  with  alkali  is  the  construction  of  complete 
subdrainage  systems,  thus  permitting  a  downward  movement  of 
water  which  washes  and  purifies  the  soil. 

In  a  recent  paper  read  before  the  Illinois  Clay  Manufac- 
turers Association,  Mr.  C,  G.  Elliott,  chief  of  drainage  investiga- 
tions of  the  United  States  Department  of  Agriculture,  states  as 
follows: 

'  There  are  not  less  than  800  000  acres  of  irrigated  lands  in 
the  West  which  require  draining.  Some  of  this  area  is  abandoned 
and  useless  because  of  oversaturation  and  because  of  evils  that 
follow  in  the  train  of  seepage.  The  opening  up  of  newly  irri- 
gated lands  is  yearly  increasing  the  areas  which  require  draining." 

Strange  as  it  may  appear,  drainage  works  are  almost  invari- 
ably required  sooner  or  later  in  irrigated  sections.  This  is  espe- 
cially noticeable  in  the  Crowley  district,  where  it  has  been  found 
that  the  drainage  of  rice  fields  is  an  imperative  necessity  if  suc- 
cessful rice  growing  is  to  continue. 

The  reclamation  of  farms  which  have  been  abandoned  on 
account  of  the  depletion  of  valuable  soil  elements  by  unskilled 
farming  is  a  most  fascinating  work.  Accounts  of  crops  raised  on 
worn-out  and  abandoned  New  England  farms  through  judicious 
tilling  and  cropping  often  read  like  fairy  tales,  and  one  would  be 
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inclined  to  doubt  their  truth  if  the  stories  were  not  well  sub- 
stantiated. As  few  of  the  problems  of  such  reclamation  work 
come  to  the  engineer  in  ordinary  practice,  however,  no  discussion 
of  them  will  be  attempted. 

Of  the  lands  requiring  drainage  in  order  that  they  may  be 
successfully  cultivated,  we  have  in  addition  to  the  over-irrigated 
lands  already  mentioned,  the  following  types: 

i.  Land-locked  marshes  and  sloughs,  of  which  the  Florida 
everglades  are  an  example. 

2.  Lower  lands  of  river  valleys,  or  "  second  bottoms,"  as 
they  are  sometimes  called. 

3.  Seacoast  marshes,  usually  subject  to  overflow  by  ordi- 
nary lunar  tides. 

4.  Deltas  of  great  rivers.  These  are  usually  only  slightly 
above  mean  tide  level,  and  may  or  may  not  be  subject  to  overflow 
from  ordinary  tides. 

Considerable  literature  exists  dealing  with  the  first  two  sets 
of  conditions,  where  drainage  may  usually  be  secured  by  gravity. 
The  glacier-scoured  regions  of  the  north  central  states  furnish 
many  examples  of  fertile  basins  and  river  valleys  that  have  been 
drained  at  a  cost  of  from  two  to  twenty  dollars  per  acre,  and  they 
are  now  referred  to  as  the  "  best  in  the  country."  In  the  pro- 
ceedings of  the  various  state  engineering  societies  are  found  much 
interesting  and  valuable  data  that  have  been  developed  in  this 
class  of  work. 

Here  in  New  Orleans  we  are  most  interested  in  the  problems 
presented  in  the  reclamation  of  the  delta  lands  of  the  Louisiana 
coast,  but  the  engineer  finds  a  scarcity  of  literature  bearing  on 
the  problems  which  he  meets.  Few  people  of  intelligence  doubt 
the  fertility  of  these  soils,  but  the  feasibility  of  their  reclamation 
is  open  to  an  honest  difference  of  opinion.  The  most  serious 
obstacle  is  not  our  excessively  heavy  rainfall,  but  it  is  the  diffi- 
culty of  constructing  permanent  levees  to  a  sufficient  height  to 
protect  the  lands  from  the  high  wind  tides  that  occasionally 
visit  these  sections. 

The  rise  of  water  resulting  from  the  great  hurricanes  that 
occur  at  infrequent  intervals  along  the  Louisiana  coast  has  been 
found  to  vary  from  a  hardly  perceptible  tide  on  some  of  the  inner 
lakes  and  bayous  to  an  extreme  rise  of  15  ft.,  which  occurred  at 
the  mouth  of  the  bayou  Terre  Bonne  on  September  20,  1909. 
A  study  of  the  tide  curve  resulting  from  this  storm,  as  illustrated 
by  sketch  No.  1,  is  both  interesting  and  instructive.  It  was 
found  that  while  the  rise  at  Timbalier  Island,  several  miles  out  in 
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front  of  this  bayou,  was  not  of  a  sufficient  height  to  drown  cattle 
which  were  pasturing  on  the  island,  the  combined  effect  of  the- 
re-entrant angle  of  the  shore  line  and  the  rapidly  changing 
direction  of  the  hurricane  caused  the  water  to  rise  to  a  height  of 
15  ft.  at  the  mouth  of  the  bayou  Terre  Bonne,  36  miles  below 
Houma.  From  the  mouth  of  the  bayou,  the  flood  line  falls  in  a 
fairly  regular  curve  to  9.25  ft.  at  the  residence  of  D.  Breaux,  17 
miles  up  the  bayou,  and  to  3  ft.  at  Houma,  36  miles  above  the 
mouth  of  the  bayou.  At  Grand  Isle  the  rise  in  the  bay  back  of 
the  island  was  5!  ft. ;  in  fact,  no  places  were  found  where  the  rise 
greatly  exceeded  6  ft.,  excepting  at  the  mouths  of  bayous  Terre 
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Tide  Curve.     Bayou  Terre  Bonne,  September  20,  1909. 
Sketch  No.  i. 


Bonne  and  La  Fourche,  and  on  the  extreme  southeastern  coast. 
On  the  bayou  La  Loutre  a  rise  of  7  ft.  is  recorded.  The  effect  of 
this  particular  storm  was  felt  throughout  the  entire  coast  country, 
though  no  serious  damage  was  done  west  of  the  Atchafalaya 
River.  At  the  mouth  of  this  river  the  rise  was  about  5  ft.  Your 
time  has  been  taken  in  the  foregoing  discussion  of  one  particular 
storm,  not  on  account  of  the  resulting  loss  of  life  and  property, 
but  because  the  high-water  marks  established  by  it  as  it  passed 
over  the  delta  lands  of  Louisiana  may  serve  as  a  guide  in  the 
design  of  the  levee  systems  necessary  for  their  reclamation.  In 
past  years  it  was  the  crevasse  flood  that  the  lowland  farmer  had 
to  fear,  but  to-day  the  danger  from  a  break  in  the  river  levee  is  so 
remote  that  no  effort  is  made  in  the  design  of  marsh  land  levees 
to  protect  against  invasion  by  the  Mississippi. 

Considerable   difference   of   opinion   exists   as   to   the   best 
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methods  of  levee  construction  in  the  soft  prairies.  The  con- 
struction of  levees  along  the  river  front  has  indeed  afforded  data 
in  abundance,  but  not  often  such  as  are  applicable  to  marsh 
land  work.  For  instance,  while  it  is  pretty  generally  conceded 
that  a  muck  ditch  is  desirable  to  prevent  seepage,  complete 
removal  of  vegetation  and  muck  from  the  site  of  the  levee  is  not 
only  unnecessary,  but  undesirable.  The  impervious  character 
of  levees  built  on  a  muck  base  is  truly  surprising.  The'material 
is  so  completely  puddled  as  it  is  placed  in  the  embankment  that 
each  dipperful  bonds  perfectly  with  the  material  previously 
deposited.  There  is  undoubtedly  a  certain  amount  of  seepage 
in  all  such  levees,  but  the  exact  amount  is  difficult  to  determine. 
Observations  taken  on  the  Smithport  tract  at  Lockport  in  1909, 
and  on  the  Willswood  Plantation  the  same  year,  indicate  that  it 
is  inconsiderable  except  at  weak  points  in  the  levees  and  under 
especially  adverse  conditions.  The  observations  referred  to 
were  taken  in  connection  with  the  drainage  investigations  carried 
on  by  Prof.  W.  B.  Gregory  and  the  writer  during  1909,  under  the 
direction  of  Mr.  C.  G.  Elliott,  of  the  United  States  Department 
of  Agriculture. 

In  the  levee  construction  on  the  Phillips  Land  Company's 
tract  in  Plaquemines  Parish,  a  hydraulically  placed  base  was  put 
in  for  a  considerable  distance.  To  all  appearances,  this  makes  an 
excellent  base,  and  should  effectually  shut  off  seepage,  as  the 
high  velocity  of  discharge  tears  up  the  sod,  cutting  an  ideal  sod 
ditch. 

The  most  useful  field  for  the  hydraulic  ditch  is  in  the  con- 
struction of  the  interior  reservoirs  and  the  larger  collecting  canals. 
By  a  suitable  arrangement  of  discharge  pipes  the  waste  material 
may  easily  be  deposited  at  a  distance  of  50  ft.  from  the  bank,  the 
resulting  waste  bank  being  so  low  that  it  does  not  interfere  with 
cultivation. 

In  the  design  of  interior  ditching  systems,  there  is  little 
uniformity  among  those  engaged  in  reclamation  work.  Many 
conditions  enter  into  the  problem  which  affect  the  general  layout 
of  ditches,  but  in  general  it  may  be  said  that  the  ditch  scheme 
which  has  been  developed  here  in  the  sugar  belt  is  pretty  gen- 
erally applicable  to  any  reclamation  project.  The  tendency  now 
seems  to  be  to  increase  the  length  of  cuts  between  headland 
ditches  to  avoid  all  unnecessary  waste  of  land  and  to  permit  the 
use  of  power  plows,  a  recent  innovation  in  this  field.  Too  great 
a  distance  between  headland  ditches  is  objectionable,  however, 
on  account  Of  the  extremely  low  efficiency  of  the  small   field 
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laterals.  This  is  rather  a  free  use  of  the  word  "  efficiency,"  but 
it  refers  to  the  useful  work  done,  i.e.,  water  discharged,  for  the 
hydraulic  grade  and  radius  supplied.  It  is  necessary  to  collect 
the  water  rapidly  into  trunk  canals  so  as  to  insure  passage  from 
the  fields  to  the  pumping  plant  on  the  least  possible  gradient  and 
in  the  shortest  time  possible.  This  plan  is  often  modified  to 
good  advantage  on  tracts  having  more  or  less  natural  slope 
towards  the  pumping  plant. 

The  field  laterals  usually  have  a  cross-sectional  area  of  about 
7!  sq.  ft.,  and  are  spaced  about  104  ft.  apart  in  the  heavy  river- 
front lands.  Some  of  the  new  muck  lands  appear  to  be  well 
drained  with  laterals  spaced  800  ft.  apart,  but  this  spacing  must 
be  reduced  as  the  land  dries  out  and  becomes  more  compact. 
With  ditches  spaced  104  ft.  apart,  the  material  excavated  amounts 
to  180  cu.  yd.  per  acre.  Under  ordinary  plantation  conditions, 
work  of  this  kind  can  usually  be  done  for  less  than  5  cents  per 
cubic  yard.  Hand  work  on  large  reclamation  projects  would 
doubtless  cost  more,  but  there  are  now  constructed  ditching 
machines  which  can  cut  these  ditches  at  a  price  which  will  enable 
them  to  compete  with  hand  labor. 

With  the  exception  of  the  ridge  lands  along  the  Mississippi 
River  and  the  various  bayous,  all  the  lands  in  this  vicinity  are 
so  near  sea  level  that  artificial  drainage  must  be  resorted  to  in 
order  that  satisfactory  drainage  may  be  secured.  This  entails 
one  or  more  pumping  plants  for  each  drainage  unit.  There  are 
many  members  of  this  society  who  have  had  valuable  experience 
with  low-lift  pumps,  handling  large  volumes  of  water.  The  fol- 
lowing points  in  regard  to  pumps  and  their  operation  have  been 
introduced  with  the  idea  that  a  discussion  by  such  members  of 
the  more  vital  points  may  be  provoked  rather  than  with  the  idea 
of  presenting  any  new  views: 

On  a  new  reclamation  project,  one  of  the  most  difficult  ques- 
tions that  the  engineer  is  called  on  to  decide  is  the  size  and  type 
of  pumps  to  be  installed,  and  of  these  two  the  size  or  capacity  is 
the  more  difficult. 

Plantations  provided  with  pumps  of  a  twenty-four  hour 
capacity  of  approximately  i|  in.  are  occasionally  overflowed, 
while  others  are  satisfactorily  drained  by  plants  of  one  half  this 
capacity,  the  difference  being  due  to  unavoidable  differences  in 
slope  and  soil  conditions. 

Assuming  for  any  case,  a  ditch  system  so  arranged  that  the 
water  may  reach  the  pumps  readily,  the  following  factors  will 
control  the  capacity  of  the  pumping  plant  to  be  selected: 
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1.  Area  served. 

2.  Rainfall. 

3.  Storage  capacity  of  canals  and  ditches. 

4.  Absorptive  capacity  of  soil.  This  is  controlled  in  turn 
by  the  physical  make-up  of  the  soil  and  also  by  the  height  at 
which  the  water  table  is  maintained. 

5.  Humidity. 

6.  Temperature. 

7.  Sunlight. 

8.  Crop  consumption. 
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Engineers  have  at  times  placed  too  much  dependence  on 
rainfall  data  in  the  estimates  of  probable  run-off  without  giving 
proper  attention  to  other  important  factors.  The  rainfall  is  such 
an  obvious  factor  and  so  easily  reducible  to  terms  convenient 
to  use  that  one  is  tempted  to  use  it  and  go  no  further,  but  with- 
out a  knowledge  of  other  conditions  it  has  little  value  in  our  work. 
This  point  is  illustrated  graphically  by  the  accompanying  sketch, 
No.  2,  which  shows  conditions  on  the  Willswood  Plantation  in 
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July,  1909.  The  preceding  month  was  abnormally  wet,  the  rain- 
fall being  double  the  mean  monthly  rainfall  of  4.64,  with  a  run-off 
of  50  per  cent,  of  the  rainfall.  The  month  of  July  began  with 
the  soil  well  moistened  by  the  rains  of  the  previous  month.  An 
examination  of  the  sketch  will  show  that  a  rainfall  exceeding 
5!  in.,  plus  the  seepage,  necessitated  the  running  of  the  pumping 
plant  on  only  three  days  of  the  month.  The  total  amount  of 
water  removed  amounted  to  0.67  in.,  less  than  12  per  cent,  of  the 
rainfall.  This  remarkable  falling  off  in  the  proportion  of  run-off 
to  rainfall  was  due  to  the  fact  that  weather  conditions  and  farm- 
ing operations  were  generally  favorable  to  a  high  rate  of  evapo- 
ration, and  the  heavy  crop  was  probably  drawing  a  maximum 
amount  of  water  from  the  soil.  From  this  it  is  easy  to  see  that 
no  empirical  rule,  based  on  rainfall  alone,  can  be  developed  for 
the  design  of  pumping  stations.  In  spite  of  such  excessive 
fluctuation  in  the  relation  between  rainfall  and  run-off  as  indi- 
cated by  the  foregoing,  we  shall  probably  continue  to  base  our 
calculations  of  water  to  be  removed  on  the  rainfall,  and  as  the 
practice  of  expressing  the  latter  in  inches  over  the  area  affected 
has  become  fixed,  it  seems  expedient  to  express  run-off  in  the 
same  terms.  By  the  expression  "  i-in.  run-off  "  is  meant  a 
volume  of  water  which  would  cover  the  area  under  consideration 
one  inch  in  depth.  As  most  commercial  ratings  of  pumps  are 
expressed  in  gallons  per  minute,  it  has  been  found  convenient  to 
secure  a  constant  for  reducing  readily  the  run-off  in  inches  to 
gallons  per  minute.  The  constant  used  is  18.9  gal.  per  minute. 
This  is  equal  to  a  run-off  of  one  inch  on  one  acre  for  a  twenty-four 
hour  period. 

The  months  of  greatest  rainfall  occur  in  midsummer,  so  that 
the  work  of  pumping  is  somewhat  relieved  by  weather  favorable 
to  evaporation.  Many  who  are  not  acquainted  with  local  con- 
ditions assume  that  it  is  not  necessary  to  pump  the  reclaimed 
lands  after  one  crop  is  removed  until  ready  to  put  in  another, 
but  this  idea  is  erroneous;  in  fact,  it  often  occurs  that  the  heaviest 
pumping  is  done  during  the  winter  months.  If  the  water  table 
were  allowed  to  rise  to  the  surface,  and  remain  through  two  or 
three  months,  it  would  be  impossible  to  get  the  land  back  into 
the  physical  condition  suitable  for  crops. 

Little  information  is  available  which  will  give  to  the  engineer 
an  idea  of  the  number  of  days  in  a  year  when  pumps  must  be 
operated,  though  one  record  of  pumping  operations  was  found 
which  extended  over  a  period  of  two  years.  The  average  rainfall 
for  these  two  years  was  a  little  above  the  mean  for  this  locality. 
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The  average  days  pumped  per  month  was  5.3,  or  63.5  days  per 
year.  It  is  probable  that  this  is  somewhat  above  the  average  for 
that  particular  tract.  This  does  not  signify  that  the  plant  was 
operated  63.5  days,  for  on  many  days  the  pumps  were  operated 
for  a  very  few  hours. 

In  the  consideration  of  possible  flood  conditions,  che  engi- 
neer seldom  plans  his  pumps  to  carry  off  the  water  from  record 
storms  before  any  injury  to  crops  may  result.  These  maximum 
storms  occur  so  seldom  that  the  additional  investment  necessary 
to  fully  guard  against  them  would  not  be  justified  by  the  advan- 
tage gained.  These  have  been  arbitrarily  divided  into  three 
classes,  those  from  3  to  5  in.  being  the  class  of  rains  which  we 
will  assume  can  be  easily  handled  by  the  pumping  plant  working 
full  time  under  ordinary  conditions. 

The  second  class,  5  to  7  in.,  would  compel  running  the  plant 
at  its  maximum  capacity  and  for  full  time.  With  favorable 
conditions,  the  pumps  should  handle  the  water  from  such  rains 
before  serious  injury  to  the  crops  could  occur.  Rains  exceeding 
7  in.  might  result  in  injury  to  crops,  the  degree  of  injury  depend- 
ing much  on  others  of  the  list  of  factors  already  mentioned. 

The  following  statements  of  rainfall  are  based  on  the  records 
of  the  United  States  Department  of  Agriculture.  These  records 
show  that  in  the  past  twenty-one  years  we  have  had : 


37  rains  exceeding  3 
16  rains  exceeding  4 
5  rains  exceeding  5 
2  rains  exceeding  6 
2  rains  exceeding  7 
2  rains  exceeding  8 
o  rains  exceeding  9 


inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

Any  formula  which  may  be  devised  for  the  calculation  of 
run-off  from  a  given  rain  must  take  into  account  the  possibilities 
of  evaporation.  This  is  a  most  inviting  field  for  the  student,  but 
it  is  probable  that  the  experimenter  will  bring  out  more  useful 
data  than  the  purely  mathematical  student.  If  a  working 
formula  is  devised,  it  will  doubtless  make  Kutter's  formula  look 
like  a  second-grade  problem  in  addition.  In  spite  of  the  obvious 
difficulties,  such  investigations  should  be  instituted  if  any  means 
can  be  devised  for  carrying  them  on.  If  we  could  once  get  a 
working  basis,  we  should  find  a  mine  of  valuable  data  at  hand  in 
the  shape  of  records  of  the  Weather  Bureau,  where  are  kept  not 
only  records  of  the  rainfall,  but  also  temperature  records,  humid- 
ity records,  number  of  cloudy  days  each  month,  and  much  other 
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information  of  a  like  nature.  Tabulations  are  made  of  the  vari- 
ous records  of  the  bureau,  and  these  are  made  available  in  the 
most  convenient  form  for  the  student  or  investigator.  Such 
records,  covering  as  they  do  a  long  term  of  years,  will  be  invalu- 
able in  the  studies  which  must  be  made  before  the  relation  of 
rainfall  and  run-off  can  be  reduced  to  a  concrete  formula.  .If  I 
am  not  mistaken,  the  rainfall  records  are  practically  continuous 
for  over  seventy  years.  Observations  as  to  humidity,  tempera- 
ture, cloudy  days,  etc.,  have  been  taken  continuously  since  1871. 

An  almost  endless  discussion  might  be  started  over  the  most 
suitable  type  of  pump.  Any  one  engaged  in  reclamation  work 
is  made  the  target  for  the  man  who  has  (or  thinks  he  has)  a  new 
idea  for  lifting  water.  Many  of  the  suggestions  are  so  absurd 
as  to  be  very  amusing. 

To  be  applicable  for  use  on  drainage  units  of  moderate  size, 
a  pump  must  fulfill  the  following  requirements: 

Low  first  cost. 

Simplicity  of  construction  and  ease  of  operation  by  unskilled 
labor. 

Not  subject  to  delays  through  breakdowns  or  other  causes. 

Reasonably  high  efficiency  at  various  heads. 

Capacity  for  considerable  overload  at  times  of  excessive 
floods. 

Much  can  be  said  in  favor  of  the  drainage  wheel  which  is  so 
often  found  on  the  older  sugar  plantations.  These  were  built  to 
enormous  sizes,  but  in  spite  of  their  apparent  simplicity,  they 
were  not  a  cheap  outfit.  They  show  a  good  efficiency  at  the 
proper  stage  of  water,  but  this  efficiency  drops  rapidly  with  any 
considerable  change  of  head.  The  economical  lift  for  these 
wheels  is  often  figured  at  one  sixth  the  diameter  of  the  wheel. 

Some  form  of  centrifugal  pump  has  usually  been  selected 
for  the  newer  plants  in  this  vicinity.  The  efficiency  of  the  best 
of  these  pumps  under  the  varying  heads  is  nearly  constant,  and 
they  are  capable  of  increasing  their  output  over  normal  rating 
when  necessary.  Under  emergency  conditions,  economy  of 
operation  may  be  disregarded  as  it  is  so  seldom  that  such  condi- 
tions arise  that  they  would  not  justify  the  construction  of  a 
plant  sufficiently  large  to  handle  the  water  of  maximum  storms 
by  running  at  normal  speed. 

Many  planters  equip  their  pumping  stations  with  two  or 
three  very  large  units  of  exactly  the  same  pattern.  Such  dupli- 
cation of  machinery  is  preferred  in  order  that  repair  parts  for 
one  pump  may  fit  the  other.     It  would  seem  as  though  the  ad- 
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vantage  to  be  gained  by  an  assorted  equipment  would  give  bet- 
ter results.  Take,  for  example,  a  pumping  plant  of  about 
60  000  gal.  per  minute  capacity.  This  would  require  one  48-in. 
pump  of  the  ordinary  type,  or  two  36-in.  pumps,  or  one  45-in. 
and  one  18-in.  It  is  true  that  a  given  capacity  can  be  more 
economically  secured  by  a  few  units  of  larger  size  rather  than  by 
a  larger  number  of  small  units  of  the  same  total  capacity,  but 
there  are  too  many  chances  for  breakdowns  to  occur  to  make  it 
wise  to  attempt  to  operate  with  only  one  pumping  unit. 

Even  the  highest  grade  centrifugal  pumps  that  are  now  on 
the  market  fail  to  show  a  very  high  efficiency  under  the  conditions 
that  prevail  in  the  local  drainage  plants.  There  are  certain 
unavoidable  losses  in  the  pumps  which  are  nearly  the  same  for 
the  low  and  for  the  moderate  lifts.  While  pumps  for  irrigation 
works  may  be  purchased  with  a  guaranteed  efficiency  of  75  per 
cent.,  it  is  doubtful  if  this  efficiency  can  be  secured  from  any 
centrifugal  pump  now  on  the  market  when  working  against  a 
static  head  of  only  3  to  7  ft.  A  centrifugal  pump  especially 
designed  to  meet  local  conditions  might  be  of  lighter  construc- 
tion than  is  now  made  and  with  impeller  blades  of  such  shape  as 
might  be  found  to  give  the  best  results. 

As  to  the  power  plant,  it  may  be  said  that  in  small  drainage 
units  the  simplest  type  of  boiler  and  engine  are  preferable.  In 
the  larger  units,  more  expert  men  will  be  placed  in  charge  of  the 
machinery,  and  a  more  elaborate  type  may  be  used  to  advantage. 
It  is  not  economy,  however,  to  install  the  most  expensive  engines 
and  boilers,  as  the  plant  runs  for  such  a  short  proportion  of  the 
time  that  the  interest  on  the  investment  and  depreciation  would 
more  than  offset  the  advantages  gained. 

If  it  is  true  that  the  marsh  lands  of  the  Louisiana  coast 
country  can  be  reclaimed,  the  next  generation  will  see  a  most 
wonderful  change  in  this  portion  of  the  state.  The  effect  will 
be  far-reaching,  for  the  benefits  will  fall  to  the  city  of  New  Orleans 
as  well  as  to  the  surrounding  country.  In  some  ways  the  city 
now  occupies  a  most  unfavorable  position,  compelled  as  she  is 
to  draw  from  a  distance  for  the  most  of  her  business.  An  esti- 
mate made  by  Mr.  Edward  Wisner  some  few  years  ago  showed 
that  only  about  five  per  cent,  of  the  land  within  a  radius  of  fifty 
miles  of  New  Orleans  was  actually  producing  anything.  A  large 
proportion  of  the  area  drained  by  the  Mississippi  River  may  be 
said  to  be  logically  tributary  to  this  port,  but,  to  secure  even  a 
fair  share  of  the  export  and  import  business,  we  must  enter  into 
active  and  sharp  competition  with  the  other  ports  of  the  country, 
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while  the  reclamation  of  these  lands  at  our  very  door  will  add 
that  much  territory,  which  will,  of  necessity,  be  tributary  to  New 
Orleans,  not  only  for  its  foreign  trade,  but  for  all  the  business 
which  a  producing  section  ordinarily  brings  to  its  metropolis. 

DISCUSSION. 

Mr.  J.  F.  Coleman.  —  The  subject  of  which  this  paper 
treats  is  one  of  very  lively  interest  at  this  time,  not  only  to  the 
members  of  our  Society,  but  to  a  large  number  of  residents  in 
Louisiana  and  to  a  considerable  number  of  investors  from  other 
states,  who  by  their  investments  in  our  marsh  and  swamp  lands 
have  acquired  a  commercial  interest  in  the  proper  solution  of  the 
engineering  problems  in  land  reclamation. 

Mr.  Shaw  has  divided  the  lands  requiring  drainage  into  four 
types. 

While  it  is  unquestionably  true  that  as  engineers  we  are 
interested  in  each  of  these  four  types,  it  is  also  a  fact  that  by 
reason  of  the  present  activities  in  this  section  our  interest  is 
more  lively  in  the  drainage  of  those  lands  which  are  subject  to 
tidal  overflow,  and  therefore  it  is  to  this  type  or  these  types  of 
lands  that  this  writer  will  address  himself,  and  more  particularly 
to  those  lands  which  belong  in  the  class  on  which  many  of  us 
are  now  at  work  and  of  which  there  are  at  the  present  time  some 
two  and  one-quarter  million  acres  within  a  radius  of  sixty  miles 
of  New  Orleans. 

These  lands  lie  generally  at  an  elevation  of  mean  sea  level, 
they  are  never  dry  and  are  often  submerged  by  the  lunar  tides. 
Our  occasional  storms  flood  them  to  varying  depths  depending 
upon  their  proximity  to  or  remoteness  from  the  open  waters  of 
the  Gulf,  and  depending  also  upon  conditions  of  direction  and 
force  of  wind  storms,  topographical  peculiarities  and  other 
details  not  necessary  or  desirable  to  discuss  at  this  time. 

The  reclamation  and  drainage  of  such  lands  expressed  in 
simple  terms  consists  in  the  construction  of  levees  to  exclude  the 
tides,  in  the  excavation  of  canals  and  ditches  to  deliver  the  run-off 
to  the  pumping  station,  and  in  the  construction  and  operation 
of  pumping  plants  with  which  to  remove  the  run-off.  Levees, 
canals,  pumps  —  it  all  sounds  very  simple,  and  within  a  few  years 
it  all  will  be  as  simple  as  it  sounds;  but  during  these  few  years 
some  of  us  are  going  to  spend  anxious  moments  while  our  judg- 
ment as  to  some  of  these  items  is  being  tried  in  the  fire  —  or 
perhaps  it  would  sound  better  to  say,  in  the  water. 
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Levees.  —  In  the  design  of  a  given  system  we  must  among 
the  first  things  determine  the  elevation  to  which  our  levees  must 
be  built.  Mr.  Shaw's  paper  informs  us  of  the  tidal  elevation  at 
the  mouth  of  bayou  Terre  Bonne,  September  20,  1909,  15  ft. 
It  is  manifest  that  had  any  area  been  reclaimed  at  that  location 
at  that  time,  its  levees  must  have  been  overflowed  and  perhaps 
destroyed  had  they  been  of  lesser  height,  and  yet  the  cost  of 
such  levees t as  would  protect  against  any  such  elevation  would 
for  the  present  at  least  be  prohibitive. 

Mr.  Shaw  mentions  elevations  of  8  ft.  at  Leesville  on  bayou 
LaFourche,  5^  ft.  at  Grand  Isle,  7  ft.  at  bayou  LaLoutre,  about 
5  ft.  at  the  mouth  of  the  Atchafalaya,  etc. 

One  of  our  problems  therefore  is  "  To  what  elevation  shall 
our  levee  be  built?  "  As  we  are  wofully  lacking  in  precise  records 
of  elevations  of  past  storms  at  any  given  location,  we  must  of 
necessity  be  driven  to  the  "  oldest  inhabitants  "  for  such  infor- 
mation as  we  may  derive  from  them,  and  because  the  lands  we 
wish  to  reclaim  are  not  habitable,  these  "  inhabitants  "  are  few 
in  number  and  usually  in  no  degree  certain  in  the  information 
they  can  convey. 

Having  determined  by  such  means  as  we  may  the  elevation 
of  levees,  we  next  must  determine  what  cross-section  (minimum) 
we  shall  provide  in  our  levees,  what  shrinkage  we  shall  provide 
for,  and  what  amount  of  subsidence  will  probably  take  place. 
The  minimum  section  will  in  great  measure  depend  upon  the 
conditions  of  exposure  of  the  proposed  levee ;  also  upon  the  nature 
of  the  soil  on  which  it  rests  and  the  material  of  which  it  is  to  be 
constructed.  This  "minimum"  section  will  usually  be  where 
there  is  no  necessity  for  a  canal  alongside;  for  in  the  latter  case 
the  excavations  from  the  canal  are  generally  more  than  ample 
for  levee  purposes.  In  the  opinion  of  this  writer  this  minimum 
section  may  sometimes,  under  exceptionally  favorable  circum- 
stances, be  as  low  as  4  ft.  crown  with  i|  to  1  slopes;  and  in  few 
instances  will  it  be  greater  than  10  ft.  crown  with  2  to  I  slopes. 
The  shrinkage  is  comparatively  easy  to  determine,  based  on 
general  experience  in  levee  construction.  The  subsidence  is  a 
factor  upon  which  we  have  comparatively  few  data  and  will 
depend  upon  the  character  of  the  foundation,  weight  imposed 
by  the  levee,  etc.  At  the  present  time  there  is  no  information 
known  to  this  writer  which  leads  to  certainty  of  conclusion  on 
this  point,  and  the  only  practical  solution  appears  to  be  to  exer- 
cise the  best  judgment  in  construction  and  then  under  mainte- 
nance to  take  care  of  any  excess  of  subsidence  by  regrading  so  as 
to  maintain  the  elevation  determined  upon. 
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Incidental  to  the  levee  construction  problems  are  those  of 
protection  from  wave  wash  on  exposed  places,  protection  from 
muskrat,  crayfish,  etc.,  which  have  to  be  considered  to  some 
extent  in  construction  although  they  are  really  problems  of 
maintenance. 

Canals.  —  In  designing  the  canals  we  first  determine  (at 
present  more  or  less  arbitrarily)  the  elevation  to  which  we  wish 
to  reduce  our  "  water  table  "  at  least  in  theory.  We  obtain  such 
data  as  we  may  covering  the  soil  formation  and  that  of  subsoil, 
which  aids  us  in  determining  the  maximum  depth  of  our  canal 
excavations  and  settles  the  question  of  wide  shallow  canals  versus 
narrow  deep  canals.  We  study  rainfall  records,  soil  conditions, 
temperature,  humidity  and  sunlight  records;  we  try  to  arrive  at 
some  practical  ideas  as  to  the  nature  of  the  crops  that  may  be 
planted  so  as  to  have  fairly  intelligent  views  of  the  probable 
general  layout  of  field  ditches  and  drains.  If  there  be  a  slope 
to  any  of  the  lands  within  the  area  to  be  treated,  this  must  also 
be  considered.  We  finally  deduce  our  conclusions  as  to  the 
amount  of  reservoir  capacity  we  must  provide  for,  and  the 
"  run-off  "  which  the  ditches,  laterals  and  canals  must  be  capable 
of  delivering  to  the  pumps.  It  has  thus  far  been  the  practice  of 
this  writer  to  reduce  his  conclusions  as  to  "  run-off  "  to  be  taken 
care  of  by  the  canals  and  ditches  to  terms  of  inches,  or  fractions 
of  an  inch,  for  the  entire  area  per  twenty- four  hours.  In  order 
to  provide  something  in  the  nature  of  a  factor  of  safety,  we  usu- 
ally design  the  canals  to  have  a  greater  capacity  of  flow  per 
twenty-four  hours  than  the  pumps,  so  as  to  add  to  the  reservoir 
capacity  and  to  provide  against  reduction  of  canal  discharge 
which  will  naturally  follow  the  growth  of  weeds  and  other  plants 
along  the  canal  banks.  This,  however,  cannot  always  be  done, 
for  the  reason  that  when  the  lands  in  part  of  the  area  to  be 
treated  have  a  well-defined  slope,  it  is  not  well  to  precipitate  the 
water  from  the  high  lands  to  the  low  lands  too  rapidly  as  it  would 
cause  overflow  of  the  low  lands.  We  also  generally  so  design 
our  canals  that  with  the  maximum  service  for  which  designed 
they  will  have  a  velocity  of  flow  of  about  2  ft.  per  second  at  point 
of  delivery  to  the  pump,  permitting  this  velocity  to  gradually 
decrease  to  about  1^  ft.  per  second  at  the  extremities  of  the 
system  when  the  distances  to  the  extremities  are  comparatively 
great. 

Pumps.  —  And  then  we  enter  upon  the  questions  involved 
in  the  pumping  station.  As  a  civil  engineer  who  tries  to  stay  on 
his  own  side  of  the  fence,  this  writer  has  never  concerned  himself 
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with  the  questions  of  design  of  pumping  stations.  It  has  been 
and  is  the  practice  in  our  office  to  determine  to  our  own  satisfac- 
tion the  minimum  and  maximum  elevation  of  water  in  the  suc- 
tion basin  and  the  maximum  and  minimum  elevation  of  water  in 
the  discharge  basin,  and  then  to  prescribe  that  the  pumping 
station  shall  be  capable  of  delivering  such  a  quantity  of  water 
per  second  from  a  given  elevation  to  another  given  elevation  with 
maximum  efficiency  of  the  plant,  further  requiring,  however,  that 
at  reduced  efficiences  the  plant  shall  be  able  to  receive  water 
from  the  minimum  elevation  in  the  suction  basin  and  discharge 
it  to  the  maximum  elevation  in  the  discharge  basin.  We  allow 
the  greatest  latitude  to  bidders  as  to  sizes  of  units  in  boilers, 
engines  and  pumps,  and  require  them  to  submit  all  possible 
guaranties  for  each  of  them,  as,  for  example,  in  boilers,  as  to 
amount  of  water  to  be  evaporated  per  pound  of  coal  of  a  given 
value  in  British  thermal  units;  in  engines,  the  horse-power  to  be 
developed  under  given  steam  pressures  and  with  given  steam 
consumption,  etc.;  and  the  efficiencies  of  the  pumps.  So  that 
we  may  know  in  the  form  of  guaranties  just  how  much  water 
will  be  delivered  from  a  given  elevation  to  another  given  eleva- 
tion within  a  given  time  by  a  ton  of  coal.  It  then  becomes  a 
commercial  proposition  to  estimate  upon  whether  it  is  better  to 
purchase  the  high-grade  plant  with  low  operating  costs  than  the 
lower-grade  plant  with  its  higher  operating  costs. 

Finally,  when  all  of  this  has  been  done  and  the  drainage 
system  is  completed,  we  are  just  in  a  position  to  begin  to  learn 
something  about  the  district  involved,  which  we  would  have  been 
glad  to  know  before  starting  the  design,  but  which  in  the  present 
state  of  the  art  we  could  not  have  known. 

In  the  foregoing  statement,  it  has  been  assumed  that  no 
other  questions  than  engineering  questions  have  to  be  considered. 
We  are  sometimes,  however,  confronted  with  other  problems. 
Suppose,  for  instance,  after  having  done  all  requisite  work  of 
survey  and  research,  you  had  designed  carefully  and  pains- 
takingly what  you  honestly  believed  to  be  the  most  economical 
system  which  would  satisfactorily  reclaim  and  drain  a  given 
area,  and  that  the  estimate  of  cost  when  submitted  to  your 
principals  was  greater  than  they  could  afford  or  than  they  were 
willing  to  expend,  and  that  you  should  be  directed  to  so  amend 
your  plan  as  to  reduce  its  cost  to  a  certain  fixed  and  stated  sum. 
It  would  then  be  necessary  for  you  to  exercise  your  ingenuity 
and  your  best  engineering  skill  and  judgment  to  bring  about  this 
reduction  in  cost  with  the  least  sacrifice  of  efficiency.     And  of 
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-course  there  are  limits  beyond  which  you  could  not  go,  even 
under  such  instructions.  It  might  be  better  sometimes  to  decline 
to  even  attempt  such  reductions  in  plan  than  to  risk  the  proba- 
bility —  or,  you  might  say,  certainty  —  of  such  failure  in  general 
results  as  would  cause  a  pecuniary  loss  to  your  clients  and  a  loss 
of  reputation  to  yourself. 

Nevertheless,  these  problems  come  before  all  of  us  sometimes, 
we  might  say  frequently,  and  it  is  not  always  easy  to  know  just 
when  to  draw  the  line.  As  time  goes  on,  however,  and  as  we  do 
more  and  more  of  this  character  of  work,  the  many  now  prac- 
tically unknown  factors  will  gradually  become  known  to  all  of 
us.  The  United  States  Bureau  of  Drainage  Investigations  is 
rendering  valuable  assistance  in  collecting  data  from  all  sources 
and  in  every  other  way  possible  to  it.  The  Louisiana  Engi- 
neering Society  in  such  papers  as  that  now  under  discussion  will 
without  doubt  contribute  its  share  toward  the  solution  of  many 
•of  the  problems;  and  one  of  these  days,  as  a  final  result,  the 
design  of  a  reclamation  and  drainage  system  in  Louisiana  will 
be  a  routine  matter  which  will  present  few  if  any  uncertainties 
to  the  engineer. 

It  is  not  usually  the  province  of  the  engineer  to  paint  beau- 
tiful word-pictures.  If  it  were,  he  could  certainly  paint  one  in 
describing  the  results  to  New  Orleans  and  to  southern  Louisiana 
which  will  be  achieved  when  the  two  and  one-quarter  million 
acres  now  the  home  of  the  muskrat,  the  frog  and  the  alligator, 
not  to  mention  the  mosquito,  will  have  been  drained  and  ren- 
dered arable  and  habitable,  for  no  other  land  under  the  sun  can 
be  richer  and  more  fertile  than  this,  and  we  can  but  faintly 
dream  of  the  agricultural  wealth  it  may  be  made  to  produce  and 
the  population  it  will  amply  sustain. 

Mr.  A.  M.  Shaw.  —  In  the  discussion  of  the  question  of 
reservoir  capacity  to  be  provided  for  tracts  that  are  artificially 
drained,  it  appears  that  there  is  quite  a  difference  of  opinion  as 
to  what  should  be  considered  as  the  available  storage  basin. 
It  has  been  my  custom,  in  calculating  the  reservoir  supplied,  to 
include  that  part  of  the  canal  prisms  between  the  plane  of  surface 
of  water  as  it  is  usually  maintained  and  the  plane  coinciding  in 
elevation  with  the  lowest  fields  served;  that  is,  the  available 
storage  lies  between  the  stage  of  water  as  ordinarily  carried  in 
the  canals  and  that  stage  which  would  be  a  menace  to  crops  in 
the  lower  fields.  While  it  is  true  that  to  allow  the  water  level 
to  rise  to  the  ground  level  and  remain  at  that  level  for  a  consider- 
able length  of  time  would  injure  or  ruin  the  crops,  an  occasional 
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or  even  frequent  rise  to  that  level  will  not  seriously  injure  ordi- 
nary farm  crops  provided  the  water  level  is  restored  to  normal 
level  within  a  few  hours. 

In  stating  the  amount  of  reservoir  capacity  which  they 
advocate,  some  engineers  base  their  calculation  on  the  volume 
of  the  entire  canal  prism,  regardless  of  the  height  of  water  main- 
tained, while  others  go  to  the  other  extreme  and  include  only 
that  portion  of  the  canal  lying  between  what  they  consider  the 
two  permissible  extremes  of  water  level,  such  as  i|  ft.  and  4  ft. 
below  the  level  of  the  low  fields. 

The  last  plan  seems  to  be  the  logical  one,  the  only  oppor- 
tunity for  a  difference  of  opinion  being  the  assumed  permissible 
extremes.  For  the  sake  of  uniformity,  I  would  suggest  that  in 
our  discussions  we  assume  the  maximum  height  to  be  at  the 
level  of  the  lowest  fields.  The  minimum  level  cannot  be  so 
easily  fixed,  as  it  is  controlled  not  only  by  the  character  of  crops 
grown  but  by  the  nature  of  the  soil,  relative  elevations  of  various 
portions  of  the  territory  served  and  other  variables. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,3i  MilkStreet,  Boston,  by  December  1,  191 1 ,  for  publication 
in  a  subsequent  number  of  the  Journal.] 
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[Read  before  the  Boston  Society  of  Civil  Engineers,  February  15,  191  i.j 

With  all  other  sections  of  the  United  States  the  people  of 
New  York  State  have  a  deep  natural  interest  in  the  important 
economic  problems  now  brought  so  forcibly  to  the  attention 
of  the  American  people  through  the  agency  of  what  has  appro- 
priately been  termed  "  The  Conservation  Movement."  That 
interest  is  properly  manifested  at  this  time  because,  in  all  proba- 
bility, no  state  in  the  Union  is  invested  with  conditions  so 
favorable  and  opportunities  so  promising  for  the  early  accom- 
plishment of  material  progress  in  the  practical  conservation  of 
one  of  her  most  valuable,  if  not  the  most  valuable,  natural  re- 
source. In  New  York  State  the  surface  water  supply  as  a 
natural  resource  is  second  in  value  only  to  the  land  itself, 
which  indeed  owes  its  value  largely  to  the  existence  of  an 
abundant  natural  water  supply.  It  must  be  conceded  that  the 
value  of  water  for  potable  and  domestic  purposes  cannot  be 
estimated  in  dollars  and  cents,  constituting  as  it  does  a  necessity 
of  life  for  which  no  substitute  exists. 

Aside  from  any  such  consideration  as  this,  water  is  prac- 
tically the  only  natural  resource  within  the  state  for  the  develop- 
ment of  power,  that  fundamental  requisite  to  the  prosperity 
and  comfort  of  a  civilized  community.  The  lack  of  coal  as  a  ' 
natural  resource  of  the  state  is  compensated  for  in  a  large  measure 
by  the  fact  that  in  addition  to  an  abundant  supply  of  water, 
the  topography  of  a  large  portion  of  the  state  and  the  profiles 
of  the  rivers  are  naturally  favorable  for  the  establishment  of 
hydraulic  power  development  and  the  construction  of  storage 
reservoirs  for  the  regulation  of  the  flow  of  the  streams. 

The  state  has  taken  a  notable  step  forward  in  the  past  five 
years  by  assuming  certain  regulative  control  over  the  disposition 
of  her  water  resources  and  by  the  institution  of  a  systematic 
investigation  of  them  to  determine  the  extent  of  the  supply 
and  of  existing  development  and  their  uses  and  the  possibilities 
for  new  developments  and  additional  uses.  Extensive  studies 
have  been  made  to  ascertain  the  possibilities  for  water  storage 
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within  the  state,  the  necessary  complement  to  extensive  water 
power  developments. 

In  1902,  after  a  succession  of  disastrous  floods  in  the  state, 
the  Water  Storage  Commission  was  created  by  an  act  of  the 
legislature,  and  it  was  directed  to  make  surveys  and  investiga- 
tions to  ascertain  the  causes  of  the  floods  on  the  various  rivers 
and  other  streams  of  the  state  and  to  determine  what,  if  anything, 
could  be  done  to  prevent  such  overflows  and  the  great  damage 
resulting  therefrom.  After  a  year's  work  that  Commission  made 
its  report  and  recommended  the  construction  of  a  system  of 
storage  reservoirs  as  the  only  practical  method  of  flood 
prevention. 

The  next  step  in  the  development  of  the  movement  for 
water  storage  and  stream-flow  regulation  was  the  creation  of 
the  River  Improvement  Commission  by  an  act  of  the  legislature 
in  1904.  That  Commission  was  invested  with  power  to  make 
preliminary  surveys,  maps,  plans  and  estimates  for  the  regula- 
tion of  the  flow  of  any  stream,  the  restricted  or  unrestricted  or 
irregular  flow  of  which  should  be  shown  to  be  a  menace  to  the 
public  health  and  safety  of  the  community.  If  the  improvement 
of  any  specific  stream  appeared  to  be  of  sufficient  importance 
and  the  legislature  approved,  the  Commission  was  then  author- 
ized to  carry  out  the  project  and  to  assess  the  cost  thereof, 
according  to  the  benefits  received,  upon  the  various  municipali- 
ties and  individual  properties  benefited.  The  working  out  of 
this  plan  has  not  been  as  satisfactory  as  was  hoped  for  it  when 
the  River  Improvement  Act  was  passed. 

The  Water  Supply  Commission  was  created  in  1905,  — 
the  primary  object  of  its  creation  being  to  insure  an  equitable 
apportionment  of  the  sources  for  public  water  supplies  among 
the  various  municipalities  and  other  civil  divisions  of  the  state. 
Since  its  creation,  the  Water  Supply  Commission  has  passed 
upon  95  water-supply  applications  involving  a  contemplated 
expenditure  by  the  applicant  municipalities  of  over  $250  000  000. 
The  most  important  of  these  cases  is  the  enormous  undertaking 
of  the  city  of  New  York  to  acquire  a  new  supply  of  water  from 
the  Catskill  Mountains  amounting  to  500  000  000  gal.  per  day, 
to  be  delivered  through  a  tunnel  aqueduct  90  miles  long.  The 
cost  of  this  project  is  estimated  at  $175  000  000  or  more. 

In  1906,  the  duties  of  the  River  Improvement  Commission 
were  transferred  to  the  Water  Supply  Commission,  and  in  1907 
the  duties  of  this  latter  Commission  were  broadened  to  include 
the  study  of  water  storage  and  water  powers  on  a  large  scale. 
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The  Commission  is  now  engaged  in  three  distinct  but  closely 
related  lines  of  work:  (1)  The  apportionment  of  municipal 
water  supplies,  (2)  the  improvement  of  rivers  for  the  protection 
of  the  public  health  and  safety,  and  (3)  the  investigations  of 
the  water  powers  of  the  state  and  the  formulation  of  a  plan  for 
their  general  development  and  improvement. 

It  is  the  work  accomplished  under  this  last  heading  that  will 
receive  our  attention  this  evening  as  being  most  interesting  to 
engineers. 

The  state  of  New  York  has  an  area  of  50  000  square  miles, 
and  a  population,  according  to  the  census  of  1910,  of  9  113  000. 
The  value  of  the  manufactured  products  in  the  year  1900 
amounted  to  $2179000000.  The  Empire  State  stands  first 
among  the  states  in  manufacturing  interests,  in  the  capital 
invested,  the  number  of  persons  employed,  in  wages  paid,  and 
in  the  products  manufactured. 


ft*, 


Fig.  1.     Watersheds. 


The  map  Fig.  1  shows  the  principal  watersheds  of  the  state 
—  those  to  the  north  and  west  draining  into  lakes  Erie  and 
Ontario  and  the  St.  Lawrence  River,  those  to  the  east  draining 
into  Lake  Champlain  and  the  Hudson  River,  and  those  to  the 
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south  and  southwest  draining  into  the  interstate  streams,  the 
Delaware,  Susquehanna  and  Allegheny  rivers.  The  state  has 
great  geographical  advantages  for  water  storage  and  water- 
power  development.  The  Adirondack  region,  in  the  northeastern 
portion  of  the  state,  is  the  most  prolific  water-producing  section 
we  have.  The  mountains  are  largely  covered  with  forests,  and, 
in  the  valleys  are  numerous  lakes  out  of  which  flow  the  power 
streams  to  the  northwest,  northeast  and  to  the  south. 

In  this  address  we  will  consider  only  four  of  the  large  streams 
of  the  state,  namely,  the  Niagara,  Genesee,  Hudson  and  Raquette 
rivers. 

Cooperative  Work. 

When  the  state  undertook  the  investigations  for  water 
storage  and  power  development,  difficulty  was  experienced  in 
getting  reliable  data  as  to  rainfall  in  certain  sections  of  the  moun- 
tainous country,  and  reliable  stream  flow  records  on  the  principal 
power  streams.  A  cooperative  arrangement  was  entered  into 
between  the  State  Water  Supply  Commission  and  the  United 
States  Geological  Survey  in  1907,  by  which  the  federal  engineers 
have  conducted  the  operations  of  stream  gaging  and  rainfall 
observations,  while  the  state  has  paid  the  major  portion  of  the 
expense  of  such  investigations,  and  the  work  has  been  done  under 
the  supervision  of  the  engineers  of  the  Water  Supply  Commission. 
This  arrangement  has  proved  very  satisfactory,  as  the  results  of 
the  work  have  clearly  shown. 

Water-Power  Developments. 

The  chart  Fig.  2  shows  graphically  the  proportion  of  de- 
veloped and  undeveloped  water  power  on  the  main  streams, 
the  Hudson  River  being  the  greatest  power  stream,  exclusive  of 
the  Niagara  and  St.  Lawrence  rivers,  which  are  international 
boundary  streams  and  which  cannot  be  considered  as  distinc- 
tively New  York  state  power  streams.  The  Hudson  River  has  a 
possibility  with  water  storage  developed  of  380000  h.p.,  while 
only  185  000  h.p.  has  been  developed  up  to  the  present  time.  The 
Black  River  stands  second,  with  a  possibility  of  182  000  h.p.  and 
a  development  of  a  little  over  90  000  h.p.  The  St.  Lawrence 
River  on  the  chart  indicates  little  or  no  development,  and  a 
limited  possibility,  but  it  refers  only  to  that  portion  of  the  St. 
Lawrence  River  which  is  wholly  within  the  borders  of  the  state 
of  New  York  and  over  which  the  state  has  entire  jurisdiction  as 
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regards  the  water  power.  Were  the  total  power  of  the  St.  Law- 
rence possible  of  development,  it  would  probably  exceed  I  000  000 
h.p.,  but  no  development  which  contemplates  the  use  of  the  whole 
or  a  large  portion  of  the  stream  at  any  point  can  be  undertaken 
without  the  consent  of  both  the  United  States  and  Canada. 

In  1908  a  complete  water-power  census  was  taken,  including 
all  of  the  power  developments  of  100  h.p.  and  over,  and  some 
power  developments  as  small  as  25  h.p.  This  census  developed 
the  fact  that  there  was  620  000  water  h.p.  developed  and  in 
actual  use  in  the  state  in  that  year,  and  that  in  addition  steam 
auxiliary  plants  with  a  total  power  possibility  of  124  000  h.p.  had 
been  installed  to  partially,  meet  the  deficiency  in  power  during 
low- water  periods  on  the  various  streams.  Fig.  3  gives  at  a 
glance  the  situation  as  developed  by  the  power  census  of  1908. 
In  addition  to  the  census,  a  study  was  made  of  all  the  power 
possibilities  on  the  principal  streams,  and  it  was  determined  that 
with  a  comprehensive  system  of  water  storage  reservoirs  there 
was  a  total  water-power  possibility  of  1  500  000  h.p.  It  is  thus 
seen  that  880  000  h.p.  was  going  to  waste  in  1908.  Since  that  date 
several  new  developments  and  improvements  on  some  of  the 
older  developments  have  been  made,  so  as  to  save  a  portion  of 
this  waste,  and  yet  the  possibilities  of  the  state  to-day  are  less 
than  one  half  developed.  It  is  estimated  that  the  value  to  the 
commercial  interests  of  the  state  of  New  York  of  this  wasted 
power  amounts  to  $17  600  000  annually. 

According  to  the  figures  given  in  the  United  States  census 
in  1900,  there  is  a  possible  total  water-power  development  in  the 
United  States  of  5  300  000  h.p.  New  York  stands  first  in  the  list, 
with  1  500000  h.p.;  California  next,  with  446000  h.p.;  while 
Massachusetts  stands  higher  than  either  of  these  two  states  in 
the  ratio  of  developed  water  power  to  the  total  powTer  possi- 
bilities. 

Niagara  River. 

The  Niagara  River,  having  the  inexhaustible  supply  of  the 
Great  Lakes  behind  it,  is  obviously  in  no  need  of  storage  works. 
It  is  only  necessary  to  build  headrace  and  tailrace  works  in  order 
to  take  advantage  of  the  power  possibilities  at  Niagara  Falls. 

The  two  great  power  developments  at  Niagara  Falls  are  the 
largest  in  the  state,  having  an  aggregate  installation  of  205  000 
h.p.,  with  an  actual  daily  output  varying  from  160  000  to  180  000 
h.p.  A  treaty  made  between  the  LJnited  States  and  Canada  for 
control  of  the  water  from  Niagara  Falls  permits  a  diversion  of 
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56  000  cu.  ft.  of  water  per  second,  of  which  20  000  cu.  ft.  per 
second  is  allowed  to  the  power  companies  in  New  York  State 
and  36  000  cu.  ft.  per  second  allowed  to  those  in  Canada. 

The  Niagara  Hydraulic  Power  Company  is  the  oldest  of  the 
present  power  developments  at  Niagara  Falls,  and  takes  its 
water  from  the  upper  river  through  an  open  canal  passing  through 
the  city  to  the  top  of  the  bluff  2  000  ft.  below  the  American  Falls, 
where  the  water  is  led  into  a  large  forebay  out  of  which  it  is 
distributed  to  the  various  developments  strung  along  the  bluff. 
Some  of  these  developments  are  utilizing  less  than  100  ft.  of  the 
available  fall,  while  the  modern  plants  are  taking  full  advantage 
of  the  total  head  of  210  ft.  When  this  development  was  conceived 
many  years  ago  there  were  no  turbine  wheels  capable  of  working 
under  a  greater  head  than  from  40  to  50  ft.  Therefore,  it  was 
considered  impracticable  to  use  the  full  available  head,  which 
accounts  for  the  numerous  points  of  discharge  from  the  mills  at 
various  heights  from  the  top  of  the  bluff  to  the  lower  river  level. 
When  the  Niagara  Falls  Power  Company  began  its  enormous 
development  in  1890,  hydro-electric  developments  in  large  units 
and  electrical  transmission  of  power  was  in  its  infancy,  but 
since  that  day  marvelous  advances  have  been  made  and  the 
Hydraulic  Power  Company  has  practically  remodeled  and  en- 
larged its  entire  plant,  bringing  it  up  to  date  in  many  respects. 

The  Niagara  Falls  Power  Company  began  a  modern  de- 
velopment in  1900  consisting  of  a  deep  wheel  pit  near  the  bank  of 
the  upper  river  in  which  are  installed  the  penstocks  and  turbine 
wheels,  and  from  which  the  tail  water  is  led  to  the  lower  river 
through  a  tunnel  7  000  ft.  in  length.  In  1899  a  second  plant 
was  undertaken  by  the  Niagara  Falls  Power  Company,  and 
completed  in  1904,  making  a  total  installation  in  the  two  power 
houses  of  105  000  h.p.  The  dynamos  in  these  two  power  houses 
work  under  heads  varying  from  130  to  160  ft.,  and  generate 
5  000  h.p.  each. 

Need  of  Regulation  by  Storage. 

In  determining  the  mean  annual  dependable  rainfall  in  the 
state,  it  has  been  found  necessary  to  examine  a  great  many  rec- 
ords, some  of  them  extending  back  to  1829,  and  to  analyze  these 
records,  determine  their  reliability  or  unreliability,  and  to 
coordinate  them  with  the  records  of  the  nearest  surrounding 
stations.  From  a  complete  analysis  and  coordination  of  these  pre- 
cipitation  records,   the   map   Fig.   4  has  been   prepared.     The 
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mean  annual  dependable  rainfall  is  38  in.  and  the  range  from 
lowest  to  highest  is  from  26  in.  to  52  in. 

The  natural  fluctuations  in  the  flow  of  the  streams  of  the 
state  are  vividly  illustrated  by  the  hydrographs  on  Fig.  5.  All 
three  of  them  show  a  marked  contrast  between  the  wet  and  dry 
seasons.  The  Hudson  River,  having  its  source  in  the  Adirondack 
Mountains,  has  a  partial  regulation  from  the  forests  and  natural 
lakes  tending  to  reduce  the  severity  of  the  floods.  There  is, 
however,  inadequate  natural  storage  for  relief  in  the  summer 
season  when  the  power  interests  on  the  stream  suffer  greatly 


OSWEGO  RIVER 

BATTLE    ISLAND 

UNUSUALLY   STEADY    STREAM 


GENESEE    RIVER 

MOUNT  MORRIS 

UNUSUALLY  FLASHY  STREAM 


Fig.  5.     Hydrographs    showing    Natural    Fluctuations    of    Flow    of 
New  York  State  Streams. 
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from  the  lack  of  water.  The  Oswego  River  has  a  material  natural 
regulation  due  to  the  storage  on  the  so-called  Finger  Lakes  — 
lakes  Cayuga,  Seneca,  Keuka,  Canandaigua,  Oneida  and  others. 
The  hydrograph  of  this  stream  shows  less  severity  of  flood  in  the 
wet  seasons,  and  a  better  summer  regulation  than  either  of  the 
other  two  streams.  The  Genesee  River  is  the  most  flashy  of  any 
in  the  state.  The  rise  and  fall  of  the  river  is  very  rapid,  and  the 
floods  come  in  a  sharp  wave,  rising  from  the  normal  to  maximum 
flood  discharge  within  twelve  to  twenty  hours  and  receding  from 
the  peak  almost  as  rapidly  as  they  rose.  The  watershed  of  the 
Genesee  River  is  steep,  almost  entirely  cleared  of  forests,  and  the 
land  is  used  for  pasturage  or  is  under  cultivation.  The  waters 
run  off  of  this  watershed  with  little  or  nothing  to  retard  the  sharp- 
ness of  the  discharge. 

On  the  Raquette  River  at  Hannawa  Falls,  a  power  develop- 
ment calculated  to  produce  13  000  h.p.  has  proved  a  financial 
failure  owing  to  the  inability  to  develop  more  than  from  3  000 
to  4  000  h.p.  during  the  driest  month  of  the  year.  The  Genesee 
River  at  Rochester  shows  an  equally  marked  variation  between 
the  flood  and  dry  periods,  the  discharge  at  this  point  varying 
from  200  cu.  ft.  per  second  in  September  to  54  000  cu.  ft.  per 
second  at  times  in  March  and  April.  The  Genesee  Falls  in 
Rochester  have  been  fully  developed  and  the  demand  for  power 
is  great,  but  in  order  to  operate  the  plants  and  meet  the  demand 
for  power  at  least  $200  000  worth  of  coal  is  burned  annually  to 
make  up  the  deficiency  in  water  power,  while  sufficient  water 
runs  to  waste  every  spring  to  more  than  cover  the  shortage  of  the 
summer  time. 

Genesee  River. 

To  correct  the  great  variations  in  the  flow  of  the  Genesee 
River  and  to  eliminate  the  damage  caused  annually  by  floods 
and  the  shortage  of  water  in  the  summer  time,  it  is  proposed 
to  build  an  enormous  reservoir  above  the  Portage  Falls  a  little 
south  of  the  center  of  the  watershed.  At  this  point  the  Genesee 
River  has  cut  a  deep  gorge  in  the  limestone  and  shale,  and  flows 
north  over  a  succession  of  falls  in  Letchworth  Park,  where  in 
a  distance  of  three  miles  the  fall  is  nearly  400  ft.  The  watershed 
above  the  proposed  Portage  dam  is  I  024  sq.  miles,  and  the 
discharge  of  the  river  at  this  point  varies  from  98  cu.  ft.  per 
second  to  30  000  cu.  ft.  per  second.  Fig.  6  is  a  view  of  the 
middle  and  upper  Portage  Falls  during  a  flood  in  1909  when 
the  discharge  was  30000  cu.  ft.  per  second. 


Fig.  6.     Middle  and  Upper  Portage  Falls. 


Fig.   ii.     Raquette  Rivrr  —  Head  of  Kaquette  Pond.     (Seepage  150). 
This  territory  would  be  cleared  and  submerged  if  proposed  dam  is  built. 
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Fig.  7.     Genesee  River.—  Avon   Highway,  May  3,   1909. 
This  condition  prevailed  for  about  three  days. 
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The  dam  which  it  is  proposed  to  build  at  Portage  is  designed 
to  be  800  ft.  in  length,  with  a  spillway  dam  also  800  ft.  in  length 
extending  along  the  side  of  the  steep  gorge  at  right  angles  to 
the  main  dam.  The  height  of  the  masonry  dam  will  be  152  ft. 
at  the  center  section,  and  the  bottom  width  at  this  point  will 
be  1 15  ft.  The  top  is  29  ft.  wide.  The  masonry  will  be  cyclopean, 
with  concrete  faces  dressed  to  harmonize  with  the  walls  of  the 
gorge  into  which  the  dam  abuts.  Ports  are  to  be  provided  in 
the  spillway  dam  for  the  control  of  the  peak  of  floods.  The 
capacity  of  the  reservoir  above  the  bottom  level  of  the  ports 
is  6  000  000  000  cu.  ft.,  and  it  is  designed  to  retain  this  portion 
of  the  reservoir  for  flood  control.  Gates  are  also  to  be  provided 
in  the  dam  capable  of  discharging  3  000  cu.  ft.  per  second. 
When  the  floods  come,  the  waters  spread  out  over  the  surface 
of  the  reservoir,  the  ports  begin  to  discharge  and  will  continu- 
ously discharge  only  so  much  of  the  flood  as  can  be  kept  within 
the  banks  of  the  river  as  it  flows  through  the  flat  valley  below 
the  dam,  between  Mt.  Morris  and  Rochester.  The  reservoir 
behind  the  Portage  Dam  will  be  15  miles  in  length,  and  an  average 
of  one  mile  wide.  The  depth  of  water  will  be  70  ft.  on  the  average, 
and  the  total  capacity  19  000  000  000  cu.  ft. 

Under  existing  conditions  the  floods  rush  through  the 
Genesee  gorge  unrestrained  and  spread  out  over  a  large  terri- 
tory of  one  of  the  most  fertile  valleys  in  the  state,  flooding  from 
20  000  to  30  000  acres  of  farm  land  every  year,  and  in  some  years 
this  territory  is  flooded  in  the  spring  and  autumn.  The  view 
in  Fig.  7  is  typical  of  the  conditions  in  the  Genesee  Valley  below 
Mt.  Morris  during  a  flood  of  ordinary  severity. 

Immediately  below  the  Portage  Reservoir  there  is  a  power 
possibility  of  30  000  h.p  under  a  head  varying  from  360  to  450  ft., 
depending  upon  the  amount  of  depletion  in  the  reservoir.  To 
accomplish  this  development,  it  would  be  necessary  to  construct 
a  pressure  tunnel  ij  miles  in  length  under  the  hill  forming  the 
northern  rim  of  the  reservoir,  and  ending  at  a  point  below  the 
lower  Portage  Falls.  The  pressure  tunnel  plan  is  advisable 
for  two  reasons:  (1)  To  take  full  advantage  of  the  total  fall, 
and  (2)  to  avoid  encroaching  upon  the  property  comprising  the 
Letchworth  Park,  which  is  now  a  state  park,  having  been  pre- 
sented to  the  state  of  New  York  by  William  P.  Letchworth  with 
the  condition  that  the  property  should  be  used  for  park  purposes 
only. 

In  addition  to  the  power  possibility  at  the  dam,  the  Portage 
Reservoir  would  greatly  add  to  the  efficiency  of  the  water-power 
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development  at  Rochester.  In  order  to  illustrate  just  what 
would  be  the  benefits  to  the  water-power  plants  at  Rochester, 
a  diagram  was  constructed  of  which  the  left  half  showed  the 
river  under  present  conditions  and  the  right  half  illustrated 
the  beneficial  effect  upon  the  power  developments  by  a  uniform 
discharge  from  the  Portage  Reservoir.  This  chart  was  based 
upon  the  assumption  of  an  ideal  regulation  for  the  benefit  of 
a  power  development  at  Portage  with  incidental  regulation  at 
Rochester,  which  arrangement  has  seemed  to  the  engineers  of 
the  Water  Supply  Commission  to  be  the  most  practical  basis 
upon  which  to  consider  the  construction  of  the  Portage  Reser- 
voir. With  30  000  h.p.  being  developed  below  the  Portage 
Reservoir,  and  the  power  plants  in  Rochester  taking  advantage 
of  the  increased  regulated  flow,  they  would  be  able  to  run 
continuously  all  the  year  with  17  500  water  h.p.,  and  if  they 
desired  to  continue  the  use  of  their  steam  auxiliary  plant,  29  000 
h.p.  could  be  continuously  developed.  There  were  many  in- 
teresting points  illustrated  by  this  diagram  which  we  have  not 
time  to  explain  here,  but  a  full  explanation  of  these  charts  and 
the  conclusions  drawn  from  them  are  shown  in  the  fourth 
annual  report  of  the  State  Water  Supply  Commission  at  pages 
323  to  325. 

Since  the  preparation  of  the  hydrographs  in  1908,  a  new 
method  of  demonstrating  the  power  betterments  by  storage 
has  been  devised  which  we  call  the  "  power-percentage  of 
time  curve."  In  constructing  the  curves  shown  on  this  diagram, 
the  first  to  be  determined  was  the  natural  flow  of  the  river.  For 
this  purpose  the  monthly  discharges  of  the  river  shown  by  the 
stream  flow  records  available  were  arranged  in  a  table  in  the 
order  of  their  magnitude.  From  this  table  the  average  percentage 
of  time  during  which  a  given  amount  of  horse  power  could  have 
been  developed  from  the  natural  flow  of  the  stream  was  computed. 
Using  the  result  thus  obtained  (the  percentage  of  time)  for  an 
abscissa,  and  the  corresponding  amount  of  horse-power  possible 
of  development  as  an  ordinate,  a  point  was  determined  and 
plotted.  A  succession  of  points  were  plotted  for  various  horse- 
power developments,  and  through  this  succession  of  points  the 
curve  marked  "  natural  flow  of  the  river  "  was  drawn.  To 
determine  the  regulated  flow  curve,  the  existence  of  a  storage 
reservoir  and  the  practicable  utilization  of  its  waters  was  as- 
sumed. The  power  value  of  the  regulated  stream  was  then  deter- 
mined in  a  similar  manner  to  the  determination  of  the  natural 
flow  of  the  river,  and  a  succession  of  points  plotted  through 
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Fig.  9.     Hudson  River  Wa^rshed- 

which  the  "  regulated  flow  of  river  curve  "  was  drawn.  These 
curves  show  the  percentage  of  time  during  which  any  desired 
amount  of  horse-power  can  be  developed  at  the   point  on  the 
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stream  to  which  the  diagram  refers;  also  what  amount  of  power 
could  be  developed  were  the  stream  to  be  regulated  by  the  con- 
struction of  a  storage  reservoir  on  the  upper  watershed  of  the 
stream.  For  example:  Fig.  8  shows  the  conditions  at  the  exist- 
ing power  plants  in  the  city  of  Rochester,  from  which  we  find  that 
the  present  hydraulic  installation  of  29  200  h.p.  can  be  operated 
with  water  from  the  natural  flow  of  the  river  for  only  59  per  cent, 
of  the  time  in  each  year.  This  is  determined  by  the  point  on  the 
"  natural  flow  of  the  river  curve  "  at  the  intersection  with  the 
horizontal  line  (equal  to  29  220  h.p.)  and  reading  vertically  below 
this  point  approximately  59  per  cent,  of  time  is  found.  In  a. 
similar  manner  it  may  be  noted  that  with  the  regulated  flow  of 
the  stream  this  same  installation  could  be  operated  with  water  for 
85  per  cent,  of  the  time.  The  power  increase  from  stored  water  is 
represented  by  the  dark  blue  area  which  when  integrated  shows 
a  value  of  5  760  h.p.  years,  or  an  equivalent  of  5  760  h.p.  de- 
veloped continuously  for  one  year.  After  regulation  only  390  h.p. 
years  per  annum  would  have  to  be  supplied  by  an  auxiliary 
plant.  This  latter  method  of  illustrating  the  benefits  to  power 
plants  seems  to  us  to  be  more  reasonable  and  accurate. 

Hudson  River. 

The  watershed  of  the  Hudson  River  above  Troy  contains 
8  100  square  miles  and  the  mean  annual  rainfall  over  this  area 
is  43  in.,  the  highest  being  52  in.  and  the  lowest  38  in.  The 
discharge  of  the  river  at  Mechanicville  varies  from  700  cu.  ft. 
per  second  to  70  000  cu.  ft.  per  second. 

It  is  estimated  that  to  completely  control  the  flood  discharges 
on  the  Hudson  River  would  require  a  system  of  storage  reservoirs 
with  a  combined  capacity  of  120  billion  cu.  ft.  Surveys  have  been 
made  and  reservoir  sites  located  with  a  total  possible  storage 
capacity  of  61  billion  cu.  ft.  The  watershed  map  of  the  Hudson 
(Fig.  9)  shows  the  location  of  some  of  the  reservoirs  which  have 
been  favorably  considered  and  surveyed.  The  water-power 
plants  on  the  Hudson  River  are  capable  of  a  total  output  of 
170000  h.p.  at  the  twenty-eight  developed  sites  between  Troy 
and  Corinth.  These  plants  utilize  380  ft.  of  fall,  and  when  the 
flow  of  water  in  the  river  is  sufficient  to  run  the  mills,  the  average 
output  is  117  000  h.p.  The  average  low-water  possibility  is 
about  60  000  h.p.,  and  on  some  occasions  it  has  dropped  as  low 
as  25  000  h.p.  for  a  period  of  from  two  to  three  days. 
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Sacandaga  River  Project. 

The  Sacandaga  River  is  the  principal  tributary  of  the  Hudson 
above  the  Mohawk  River,  and  a  reservoir  on  this  stream  is  con- 
sidered to  be  the  most  feasible  as  the  first  unit  of  storage  develop- 
ment in  the  Hudson  River  system.  This  reservoir  would  be 
created  by  the  erection  of  an  earth  dam  across  the  Sacandaga 
River  at  the  hamlet  of  Conklingville.  The  clam  as  designed 
will  be  1  200  ft.  long,  95  ft.  high,  have  a  top  width  of  40  ft.  and  a 
bottom  width  at  the  greatest  section  of  about  500  ft.  It  is  pro- 
posed to  construct  this  dam  by  the  hydraulic  sluicing  method. 
The  dam  will  impound  32  000  000  000  cu.  ft.  of  water,  of  which 
only  29  000  000  000  cu.  ft.  will  be  available  for  stream-flow 
regulation.  The  lake  created  will  be  30  miles  in  length,  and  have 
a  surface  area  equal  to  that  of  Lake  George,  —  42  square  miles. 
The  cost  of  the  reservoir  without  power  developed  will  be  $4  661- 
OOO.  The  regulated  flow  of  the  Hudson  during  the  summer 
months  will  be  I  900  cu.  ft.  per  second,  at  the  minimum,  and  also 
add  to  the  power  plants  on  the  river  about  85  000  h.p. 
annually. 

The  chart  Fig.  10  illustrates  the  power  value  of  regulation 
from  the  Sacandaga  Reservoir  by  the  "  power  percentage  of 
time  curve  "  method,  as  applied  to  the  development  at  Spier 
Falls.  The  hydro-electric  installation  at  this  place  is  35  000  h.p., 
which  can  be  operated  only  38  per  cent,  of  the  time  under  present 
conditions.  The  Sacandaga  Reservoir  would  add  5  300  h.p. 
years  per  annum,  but  in  order  to  run  the  plant  continuously 
4  350  h.p.  years  per  annum  would  be  required  from  some  auxiliary 
power. 

Schroon  River  Project. 

The  second  largest  project  in  the  Hudson  River  watershed 
is  at  Schroon  Lake,  and  contemplates  the  erection  of  a  masonry 
and  earth  dam  across  the  Schroon  River  at  Tumblehead  Falls. 
The  dam  as  designed  will  be  600  ft.  long  and  70  ft.  high,  with  a 
masonry  spillway  400  ft.  long.  The  dam  will  impound  16 
billion  cu.  ft.  of  water  and  create  a  lake  with  a  surface  area  of 
15  700  acres,  covering  three  natural  lakes  (Schroon,  Brant  and 
Paradox)  to  a  depth  of  about  20  ft.  The  estimated  cost  of  this 
reservoir  is  $2  000  000,  and  it  will  assure  a  minimum  flow  when 
added  to  the  Sacandaga  Reservoir  of  2  850  cu.  ft.  per  second, 
and  will  add  50000  h.p.  annually  to  the  Hudson  River  plants. 
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Raquette  River. 

The  Raquette  River  rises  in  the  Adirondack  Mountains 
and  flows  westerly  and  northwesterly  into  the  St.  Lawrence 
River.  There  are  large  power  possibilities  on  this  stream  be- 
tween Tupper  Lake  and  the  St.  Lawrence  River,  a  distance  of 
75  miles,  and  although  some  of  them  have  been  fully  developed, 
the  larger  portion  of  the  possibilities  still  go  unused. 

In  1869  a  dam  was  built  with  .the  consent  of  the  state  at 
Settingpole  Rapids,  below  the  outlet  of  Tupper  Lake.  The  dam 
was  intended  for  lumbering  purposes,  and  the  people  who  built 
it  had  so  little  regard  for  anything  other  than  getting  sufficient 
water  to  float  their  logs  that  no  attempt  was  made  to  clear  the 
reservoir  site.  The  impounded  water  flowed  a  large  area  of 
forest  land,  killed  all  the  trees,  and  turned  a  beautiful  valley 
into  a  scene  of  desolation.  The  view  in  Fig.  11  illustrates  the 
result.  It  was  claimed  that  the  cost  of  clearing  this  reservoir 
site  in  1869  would  have  been  greater  than  the  benefit  to  be 
derived  by  the  lumbermen  from  the  erection  of  the  dam. 

It  is  estimated  that  the  flow  of  the  Raquette  River  can  be 
controlled  by  the  construction  of  reservoirs  having  a  total  storage 
capacity  of  about  19  billion  cu.  ft.  The  largest  of  these  reser- 
voirs would  include  Big  Tupper  Lake,  and  a  territory  some  15 
miles  in  length  above  the  outlet  of  Tupper  Lake,  and  would  have 
a  storage  capacity  of  15  billion  cu.  ft.  The  project  would  cost 
$2  250  000  and  would  add  about  33  000  h.p.  to  the  plants  already 
erected  on  the  stream  and  would  make  possible  an  additional 
development  of  no  000  h.p.  annually. 

In  the  vicinity  of  the  proposed  Tupper  Lake  dam  also  great 
damage  was  done  by  the  erection  of  the  Settingpole  Rapids 
dam,  creating  a  reservoir  without  properly  removing  the  trees. 
This  section  of  stump  land  covers  an  area  of  nearly  four  square 
miles,  and  were  the  Tupper  Lake  Reservoir  to  be  constructed, 
the  entire  area  would  be  covered  with  water  and  the  unsightly 
conditions  completely  removed.  It  is  unsightly  conditions  like 
these  which  have  created  a  strong  sentiment  throughout  the 
state  against  the  construction  of  reservoirs  in  the  Adirondack 
region.  Persons  who  have  viewed  this  situation  form  the  er- 
roneous opinion  that  all  reservoirs  would  result  in  practically 
the  same  unsightly  surroundings. 

If,  instead  of  building  a  dam  at  Tupper  Lake  Village,  one 
could  be  built  above  the  outlet  of  Big  Tupper  Lake,  a  reservoir 
of  1 1.4  billion  cu.  ft.  capacity  could  be  constructed  at  a  cost  of 
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about  $1  200  000.  This  site  is  known  as  the  Ox  Bow.  The 
hills  at  this  point  are  much  closer  together  than  at  the  lower 
dam  site,  but  no  rock  foundation  has  been  discovered,  which 
fact  necessitates  the  construction  of  an  earth  dam  instead  of  a 
masonry  dam. 

One  of  the  large  developed  powers  on  the  Raquette  River 
below  these  proposed  reservoirs  is  at  Piercefield,  where  the 
International  Paper  Company  operates  a  large  pulp  and  paper 
mill.  Great  loss  is  entailed  upon  the  paper  company  by  the 
necessity  of  shutting  down  the  mills  in  the  low  water  season, 
and  a  loss  is  also  sustained  by  the  operatives  through  the  loss  of 
employment  and  a  consequent  cutting  off  of  their  source  of 
income. 

A  large  undeveloped  power  exists  at  Colton  Falls  about  30 
miles  below  Piercefield  and  15  miles  above  Potsdam.  The 
river  makes  a  long  curve  to  the  north  as  it  flows  over  a  succession 
of  falls  and  rapids,  falling  260  ft.  in  less  than  one  mile.  The 
development  suggested  at  this  site  is  an  open  canal  across  the 
chord  of  the  curve  of  the  river,  with  a  forebay  on  the  top  of  the 
hill  and  long  penstocks  to  a  power  house  in  the  lower  gorge. 
This  power  house  would  be  4  200  ft.  from  the  headgates  at  the 
top  of  the  upper  falls,  and  with  the  regulated  flow  of  the  stream 
the  proposed  installation  would  produce  30  000  h.p.  years.  The 
estimated  cost  of  the  Colton  Falls  development  for  30000  h.p., 
without  taking  into  consideration  the  construction  of  reservoirs 
in  the  upper  watershed,  is  $2  815  000. 

Under  present  conditions  the  flow  of  the  river  at  Colton 
Falls  varies  from  300  cu.  ft.  per  second  in  the  low-water  period 
to  18  000  cu.  ft.  per  second  during  the  flood  periods.  The  lakes 
and  forests  in  the  watershed  have  a  regulating  effect  upon  the 
natural  flow  of  the  stream  but  do  not  afford  adequate  storage. 

State  Lands  Problem. 

The  State  Water  Supply  Commission  has  made  numerous 
surveys  for  reservoirs  in  the  Adirondack  region,  as  this  mountain- 
ous country  is  obviously  the  most  productive  of  opportunities 
for  water-storage  and  water-power  development,  but  it  has  been 
found  that  lands  now  owned  by  the  state  of  New  York,  and  form- 
ing a  part  of  the  Adirondack  forest  preserve,  are  situated  in  many 
of  the  most  attractive  reservoir  sites.  There  is  a  constitutional 
prohibition  against  the  use  of  any  of  the  state  lands  in  the 
forest   preserve   for  any   purpose  whatsoever  other  than  park 
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purposes,  and  they  must  be  retained  as  wild  forest  lands.  This 
section  of  the  constitution  was  originally  designed  to  protect  the 
state  forest  lands  against  timber  thieves,  and  the  misuse  of  the 
lands  by  private  interests,  but  it  seems  to  many  that  the  time 
ihas  now  come  when  the  constitution  should  be  amended  and  the 
:state  be  permitted  to  utilize  her  lands  in  the  forest  preserve  to 
the  best  advantage  for  all  of  the  people  of  the  state. 

Many  of  the  reservoir  sites  contain  land  that  is  swampy  and 
inaccessible  for  pleasure  purposes,  and  are  covered  more  or  less 
with  dead  trees  and  swamp  brush,  which  are  unattractive  and 
unenjoyable  to  the  people  who  visit  the  Adirondack  region  during 
the  summer  months.  If  these  large  waste  areas  could  be  con- 
verted into  artificial  lakes,  we  hold  that  it  would  be  a  benefit  to 
the  forest  and  at  the  same  time  would  be  a  source  of  revenue  to 
the  state,  when  the  water  is  used  properly  under  state  ownership 
and  control,  of  far  greater  value  than  any  imaginary  damage 
that  might  be  done  to  the  state  park,  and  would  more  than  com- 
pensate the  people  of  the  state  for  the  withdrawal  of  a  compara- 
tively few  acres  of  land  in  the  park  for  reservoir  purposes. 

A  comparison  of  these  areas  is  of  interest :  The  total  area  of 
the  Adirondack  park  is  3313  000  acres,  of  which  the  state  now 
owns  less  than  one  half.  The  total  amount  of  land  now  owned 
by  the  state  which  would  be  required  for  the  most  complete 
system  of  storage  reservoirs  in  the  Adirondack  park  would  not 
exceed  55  000  acres,  which  amount  is  only  1.75  per  cent,  of  the 
total  area  of  the  Adirondack  park.  The  good  timber  land  in- 
volved in  all  of  the  reservoirs  is  but  one  third  of  one  per  cent,  of 
the  total  area  of  the  Adirondack  park.  These  figures  clearly 
demonstrate  that  were  it  to  be  conceded  for  the  sake  of  argument 
that  reservoirs  in  the  Adirondack  Park  would  be  a  detriment,  or 
deprive  the  public  of  the  enjoyment  of  a  portion  of  the  land,  the 
amount  so  used  would  be  of  trivial  consequence  when  compared 
with  the  total  amount  of  forest  remaining. 

The  State  Water  Supply  Commission  by  its  three  years  of 
surveys  and  investigations  has  discovered  many  interesting 
situations  with  regard  to  water  storage  and  water  power.  Re- 
ports and  recommendations  have  been  made  to  the  legislature 
by  the  Commission,  and  a  campaign  of  education  has  been  carried 
on  to  bring  the  matter  to  the  attention  of  the  citizens  of  the  state. 
It  now  remains  for  the  legislature  to  enact  the  necessary  laws  and 
provide  for  raising  the  necessary  funds  to  enable  the  state  to 
carry  out  some  comprehensive  plan  for  the  conservation  and 
utilization  of  this  great  natural  resource. 
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DISCUSSION. 

The  President  (Charles  T.  Main).  —  I  happen  to  know 
something  about  some  of  the  water  powers  on  the  Hudson 
River,  and  that  within  the  last  year  or  two  the  power  developed 
has  dropped  to  a  very  small  amount.  Some  of  them  are  in  the 
hands  of  receivers,  possibly  on  account  of  the  cost  of  construction 
being  greater  than  was  estimated,  and  possibly  on  account  of  the 
fact  that  the  flow  is  less  than  it  may  have  been  estimated,  render- 
ing necessary  a  greater  expense  in  the  construction  and  operation 
of  supplementary  steam  plants. 

The  construction  of  the  reservoirs  described  in  Mr.  McCul- 
loh's  paper  would  very  much  increase  the  value  of  these  powers, 
and  if  the  companies  themselves  should  not  have  to  pay  for 
them  they  might  increase  their  earnings  and  get  out  of  the  hands 
of  the  receivers.  I  was  wondering  if  Mr.  Barrows  could  tell  us 
how  it  is  proposed  to  have  these  reservoirs  paid  for,  —  whether 
the  state  is  to  pay  for  them,  or  whether  the  expense  is  to  be 
distributed  between  the  state  and  the  owners  of  the  various 
powers  which  would  be  benefited  by  the  construction  of  the 
dams  and  reservoirs. 

It  is  almost  unnecessary  to  say  that,  other  things  being 
equal,  the  water  powers  which  have  a  nearly  constant  flow  are 
of  more  value  than  those  with  a  variable  flow,  for  if  the  flow  is 
variable  it  must  be  supplemented  by  steam  or  some  other  power, 
and  its  value  decreases  as  the  need  of  supplementary  power 
increases.  The  variability  may  be  so  excessive  as  to  make  the 
cost  of  maintaining  and  running  a  double  plant  more  expensive 


Cost    of  Variable    Power    at    Switchboard   of    Generating    Station 
with  Hydro-Electric  Plant  Costing  $100  a  Kilowatt  and  Coal 
at  $5  a  Ton. 


Size  of 

Plant  in 

Kilowatts. 

Cost  of 
Hydro- 
Electric 
Power, 
Kilowatt 
Year. 

Fixed 

Charges 

Steam 

Plant. 

Total  Cost  when  Steam  Plant  is  run  for 
Different  Number  of  Months. 

One 

Month. 

Two 
Months. 

Three 
Months. 

Four 
Months. 

Five 

Months. 

1  00O 

2  OOO 

3  OOO 

4  OOO 

5  000 

$12.00 
II.OO 

IO-75 
IO.50 

IO.25 

$11.00 
II.OO 
II.OO 
II.OO 
11.00 

$25-50 
24.50 

24-25 
24.OO 

23-75 

$28.00 
27.OO 

26.75 
26.50 
26.25 

$30.50 
29.5O 
29.25 
29.OO 

28.75 

$33 -oo 
32.00 
31-75 
31-50 
3125 

$35-50 
34-5o 
34-25 
34.00 

33-75 
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than  it  would  be  to  produce  the  same  amount  of  power  by  steam 
alone. 

If,  therefore,  the  low  flow  can  be  increased  in  any  way,  the 
value  of  all  the  privileges  affected  will  be  increased. 

Some  time  ago  I  presented  a  paper  to  the  National  Associa- 
tion of  Cotton  Manufacturers,  and  showed  among  other  things 
the  additional  yearly  cost  of  hydro-electric  power  due  to  variable 
power.    This  was  summarized  in  a  table  on  preceding  page. 

From  the  table  it  will  be  seen  that  if  a  hydro-electric 
development  of  5  000  kw.  costs  $100  a  kw.  to  install,  the  cost  per 
kw.  year  on  the  switchboard  with  uniform  water  would  be  only 
$10.25.  If  it  were  necessary  to  supplement  this  to  the  full 
capacity  for  one  month  with  coal  at  $5  per  long  ton,  the  yearly 
cost  would  be  more  than  double,  and  for  five  months  the  yearly 
cost  would  be  more  than  three  times  as  much. 

The  effect  upon  the  value  of  a  property  is  apparent,  and  it 
will  readily  be  seen  that  primary  power  is  of  very  much  greater 
value  than  secondary  power. 

The  effect  of  the  construction  and  regulation  of  storage 
reservoirs,  if  properly  regulated  so  that  they  would  never  be 
exhausted  and  thus  leave  the  low  flow  the  same  as  it  was  before 
the  reservoirs  were  constructed,  would  be  to  diminish  the  need 
of  the  supplementary  steam  plants.  Assuming  that  the  fixed 
charges  on  these  plants  are  $11  per  kw.  year,  in  order  to  break 
even,  one  could  afford  to  pay  toward  the  storage  reservoirs  a 
sum  which  would  be  $11  capitalized  at  a  proper  rate  for  invest- 
ments on  this  kind  of  property;  and  for  every  month  that  the 
steam  plant  is  stopped  on  account  of  the  steadier  flow,  the  sum 
of  about  $2.50,  which  represents  the  approximate  monthly 
operating  cost  of  the  supplementary  steam  plant,  capitalized 
at  the  same  rate. 

If  a  concern  had  its  supplementary  plant  and  had  no  further 
use  for  the  power,  about  the  only  saving  due  to  the  building  up 
of  the  low  flow  would  be  the  cost  of  coal  saved,  and  the  amount 
which  such  a  concern  could  contribute  toward  the  storage  reser- 
voirs would  be  on  the  basis  of  the  latter  sum  mentioned,  $2.50 
per  month  per  kw.,  capitalized  at  a  proper  rate. 

[Note.  —  Further  discussion  of  this  paper  is  invited,  to  be  received  by 
Fred.  Brooks,  Secretary,  31  Milk  Street,  Boston,  by  December  1,  191 1,  for 
publication  in  a  subsequent  number  of  the  Journal.] 


DISCUSSION   OF   PAPER,    "THE    EMSCHER    SEWERAGE 
DISTRICT   AND   THE    IMHOFF   TANK." 


(Volume  XLVII,  Page  i,  July,  1911.) 


Mr.  Samuel  A.  Greeley.  —  It  has  been  a  great  pleasure 
to  read  Mr.  Saville's  paper  during  a  short  visit  in  Essen,  where 
the  Emschergenossenschaft  has  its  headquarters.  After  a 
visit  to  four  plants  in  this  district,  where  sewage  is  clarified  by 
means  of  the  Imhoff  tank,  it  is  evident  that  in  this  paper  may  be 
found  an  accurate  and,  at  the  same  time,  a  conservative  state- 
ment of  the  conditions  governing  the  operation  of  these  tanks 
in  Germany. 

There  are  two  points  which  came  under  the  writer's  observa- 
tion during  this  visit  which  were  not  emphasized  in  Mr.  Saville's 
paper,  and  which,  it  seems,  are  worthy  of  brief  mention. 

The  first  relates  to  the  treatment  of  storm-water  sewage. 
Most  of  the  districts  in  the  Emscher  drainage  area  are 
sewered  on  the  combined  plan,  so  that,  during  times  of  heavy 
rain,  large  volumes  of  sewage  come  to  the  clarification  works. 
Until  the  volume  of  storm  sewage  becomes  greater  than  about 
three  times  the  average  dry-weather  flow,  the  whole  sewage  flow 
enters  and  passes  through  the  Imhoff  tanks.  When  the  quantity 
of  sewage  exceeds  three  times  the  dry-weather  flow,  the  excess 
is,  in  some  instances,  diverted  into  a  special  storm-water  tank. 

The  writer  saw  one  of  these  tanks  in  construction  at  the 
Essen  north  plant.  This  plant  consists  of  an  influent  channel 
which  leads  the  sewage  into  grit  chambers  and  thence  into  an 
installation  of  eighteen  Imhoff  tanks.  It  treats  the  sewage  of 
180  000   people. 

The  special  storm-water  tank  is  a  large  circular  tank  with  a 
bottom  sloping  to  a  central  sump.  The  tank  is  100  ft.  in  diame- 
ter, 5!  ft.  deep  at  the  circumference  and  14!  ft.  deep  at  the  sump 
in  the  center.  The  sewage  will  enter  near  the  center  of  the  tank 
at  the  surface  and  will  flow  radially  to  a  weir  at  the  circumference. 
There  are  no  partitions  in  this  tank  and  it  is  built  circular  as 
much  for  simplicity  of  construction  as  for  any  other  reason. 

The  particular  point  to  be  observed  is  that  the  sludge  from 
this  tank  will  be  pumped  from  the  sump  into  the  influent  channel 
leading  to  the  grit  chambers  and  the  Imhoff  tanks.     Here  some 
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pains  will  be  taken  to  have  the  sludge  mix  with  the  inflowing 
sewage.  The  combined  sludge  and  sewage  will  then  pass  through 
the  grit  chamber  and  then  into  the  Imhoff  tanks.  This  will 
afford  opportunity  to  rot  out  the  sludge  from  the  storm-water 
sewage  without  going  to  the  expense  of  building  Imhoff  tanks 
to  handle  the  large  volume  of  storm  sewage. 

The  second  point  relates  to  the  treatment  of  the  effluent 
from  sprinkling  filters  in  the  Imhoff  tank.  The  writer  visited 
a  small  plant  at  Holzwickede  where  this  was  being  done  with 
interesting  results.  The  plant  treats  the  sewage  from  about 
3  500  people.  It  consists  of  two  Imhoff  tanks  and  one  circular 
sprinkling  filter  with  a  revolving  dosing  arm.  The  sewage  flows 
first  into  one  Imhoff  tank  and  is  then  pumped  into  the  sprinkling 
filter,  the  effluent  from  which  passes  through  the  other  Imhoff 
tank. 

For  some  months  after  this  plant  went  into  operation,  the 
sewage  flowed  in  the  same  direction  through  the  plant.  That  is, 
one  tank  always  received  the  raw  sewage  and  the  other  tank  only 
the  effluent  from  the  sprinkling  filter.  It  was  found,  however, 
that  the  sludge  settling  out  of  the  effluent  from  the  sprinkler 
did  not  decompose  so  rapidly  or  with  such  satisfactory  results 
as  did  the  sludge  in  the  tank  receiving  only  raw  sewage.  Con- 
sequently the  raw  sewage  was  turned  first  into  one  tank  and  then 
into  the  other.  In  this  way  each  tank  contained  some  sludge 
from  raw  sewage  and  some  sludge  from  the  sprinkling  filter 
effluent.  This  method  of  operation  proved  more  successful  in 
accomplishing  the  digestion  of  sludge  from  the  sprinkling  filter 
effluent. 

These  two  points  serve  to  emphasize  the  care  in  both  the 
design  and  operation  of  these  tanks  which  is  exercised  in  the 
Emscher  district  and  which  is  necessary  if  similar  satisfactory 
results  are  to  be  obtained  elsewhere. 


DISCUSSION    OF    PAPER,     "THE    DESIGN    OF   ECCENTRICALLY 

LOADED  CONCRETE  MEMBERS  REINFORCED  ON 

ONE  FACE  ONLY." 


(Volume  XLVII,   Page  8o,  August,  191 1.) 


fefcW 


Jbdf* 


Mr.  Charles  W.  Martin.  —  Mr.  Dutton  has  worked  out  a 
very  ingenious  graph  for  the  design  of  concrete  members,  re- 
inforced on  one  face  only,  which  are 
to  resist  combined  direct  compression 
and  flexure.  The  following  analytic 
method  for  the  calculation  and  check 
of  such  members,  while  it  does  not 
lead  to  results  as  directly  as  Mr. 
Dutton's  diagram,  may  be  of  interest 
and  use. 

Refer  to  the  accompanying  figure 
and  use  the  following  notation,  which 
is  the  same  as  that  used  by  Mr.  Dutton 
with  the  exception  of  such  items  as  are  preceded  by  an  asterisk. 
/a    =  fiber  stress  in  steel. 

■—  maximum  stress  in  concrete  at  the  compression  face. 
=  stress  ratio,  fa  -¥-fc. 
=  modulus  of  elasticity  of  steel. 
=  modulus  of  elasticity  of  concrete. 
=  modulus  ratio,  Ea  -4-  Ec. 
=  distance  from  center  of  steel  to  compression  face  of 

concrete. 
=  breadth  of  the  member. 
=  distance  from  the   compression  face  of  the  concrete 

to  the  neutral  axis. 
=  the  axial  stress. 
=  H+bd. 

=  distance  from  a  point  midway  between  the  steel  and 
the  compression  face  to  the  line  of  the  axial  stress. 
=  moment,  H(ed). 


u 

r 
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Ec 

n 

d 
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kd 

*H 
*h 
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*M 


P 
*R 


=  ratio  of  area  of  steel  to  bd. 
=  resistance  coefficient,  M  -¥■  bd. 
From  the  "  straight  line  "  theory  — 
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!-*£¥) w 

k  =  ^r    (2) 

^parallel  forces: 

H  =  hbd  =  ±fckbd  -  pbdf* (3) 

Moments  about  the  point  midway  between  the  steel  and  the 
compression  face: 

M  =  Hed  =  yckbd*(i  -  \k)  +  \pb&U (4) 

We  may  obtain  from  (3) : 

/-**H (5) 

Solving  (1)  and  (5)  simultaneously: 

k  =  yJ2np+(np-jJ  -(np-jj  (6) 

Substituting  (5)  in  (4)  and  simplifying: 

R  =  UMi-lk)  -\h (7) 

Recall  that  for  members  acting  in  resistance  to  flexure  only 
our  "  straight  line  "  values  of  the  steel  ratio,  say  pf,  and  the 
resistance  coefficient,  say  R',  are  — ■ 

P'  =  ?kJs (8) 

R'=ifM*-m (9) 

for  members  reinforced  in  tension  only. 

We  may  then  substitute  p'  and  R'  for  their  respective  equiva- 
lents in  equations  (5)  and  (7)  and  write  — 

P=P'-Js (I0) 

R  =  R'-hh (11) 

These  equations  indicate  that  for  given  concrete  and  working 
stresses  the  values  of  the  resistance  coefficient,  R,  and  the  re- 
quired steel  percentage,  p,  for  members  acting  in  resistance  to 
combined  direct  compression  and  flexure  are  less  than  the  corre- 
sponding values  of  R'  and  the  required  p'  for  members  acting 
only  in  resistance  to  flexure  by  amounts  directly  proportional  to 
the  intensity  of  the  direct  compression. 

Thus  to  design  such  members  we  may  from  tables  or  calcula- 
tion obtain  the  ordinary  beam  values  of  R!  and  p'  and  by  trial 
determine  the  deductions  therefrom  which  give  the  correct 
values  of  R  and  p. 

Several  examples  worked  out  by  these  formulae  gave  results 
which  agreed  with  the  results  obtained  by  using  the  graph  under 
discussion. 
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By  Sidney  F.  Lewis,  Member  of  the  Louisiana  Engineering  Society. 


[Read  before  the  Society,  June  12,  191 1.] 

Location  and  Expansion  of  the  Harbor. 

The  harbor  or  port  of  New  Orleans,  as  it  exists  to-day, 
occupies  both  banks  of  the  Mississippi  River  in  the  parish  of 
Orleans;  in  the  parish  of  Jefferson  its  present  and  upper  limit 
is  at  South  Port,  situated  on  the  east  bank  of  the  river,  and  at 
Westwego,  known  as  the  Texas  and  Pacific  Railroad  Company 
Terminals,  on  the  west  bank  of  the  river;  and  in  St.  Bernard 
Parish  its  present  and  lower  limit  extends  as  far  as  Port 
Chalmette,  situated  on  the  east  bank  of  the  river.  In  distance 
it  covers  some  sixteen  miles  of  water  front  on  each  bank; 
and,  if  the  Mississippi  River  be  held  within  its  banks, — that 
is,  the  concave  bends  be  protected  from  caving  by  erosion 
and  encroachment  of  the  river,  —  the  future  possibilities  of 
expansion  of  this  port  could  cover  four  hundred  miles  of  river 
front  in  low  river,  with  width  and  depth  to  accommodate  the 
largest  and  deepest  draught  argosies  of  commerce  that  exist 
to-day;  for  the  reason  that  in  the  section  of  the  lower  Mississippi 
River  extending  from  Baton  Rouge  to  the  end  of  the  levee  system, 
a  distance  of  two  hundred  and  fourteen  miles,  the  river  is  narrow, 
averaging  about  one-half  mile  in  width,  with  depths  not  less  than 
50  ft.  in  the  thalweg  at  extreme  low  water.     Bank  erosion  is 
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very  much  less  as  compared  with  other  sections  of  this  river, 
sandbars  as  obstruction  to  navigation  are  almost  unknown,  and 
little  if  any  contraction  works  or  dredging  would  be  required 
in  the  treatment  of  this  stretch  at  extreme  low  water.  Nature 
has  constructed  an  ideal  channel  with  depth  sufficient  at  all 
times  for  the  largest  seagoing  craft,  and  the  problem  is  compara- 
tively a  simple  but  a  costly  one  for  the  engineer  to  apply  his 
resources  to  assist  nature,  and  to  maintain  these  banks  against 
erosion,  and  thus  fix  the  harbor  lines  for  the  destined  greatest 
port  of  the  world. 

The  extreme  oscillation  in  stage  of  water  is  as  follows : 

Baton  Rouge,  maximum  high  water,  1897. 40.65 

Baton  Rouge,  minimum  low  water,  1894 0.45 

Difference 40.20 

New  Orleans,  maximum  high  water,  1903 20.30 

New  Orleans,  minimum  low  water,  1872 0.42 

Difference 19.88 

High-water  slope  at  Baton  Rouge 0.18  ft.  per  mile 

Low-water  slope  at  Baton  Rouge 0.03  ft.  per  mile 

The  average  high-water  slope  from  New  Orleans  to  the 
Gulf  is  0.14  ft.  per  mile,  with  a  current  of  4.2  miles  per  hour. 
The  low-water  slope  varies  with  the  wind  and  tide,  with  scarcely 
perceptible  current  at  extreme  low  water. 

Physical  and   Geographical  Position  of   the   River  with 
Regard  to  the  Harbor. 

The  accompanying  chart,  prepared  from  the  survey  of  the 
Mississippi  River  made  under  the  direction  of  the  Mississippi 
River  Commission,  shows  the  location  of  the  Mississippi  River, 
and  the  direction  of  its  flow  with  reference  to  the  harbor  of  New 
Orleans.  In  the  length  of  the  present  harbor  the  river  has  four 
bends,  and  four  comparatively  straight  reaches  from  two  to  three 
miles  in  length ;  at  two  of  the  bends  the  river  changes  its  direction 
something  over  90  degrees,  and  the  mean  radius  of  curvature  is 
about  one  and  one-half  times  the  river's  width.  The  other  two 
bends  are  less  abrupt.  The  maximum  depth  at  low  water  varies 
on  different  sections  from  70  to  160  ft.  As  the  city  is  about 
no  miles  inland  by  the  river  from  the  Gulf  of  Mexico,  the  effects 
of  the  tides  are  very  slight  and  quite  irregular,  varying  with  the 
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stage  of  the  river  and  the  direction  and  force  of  the  wind.  The 
river  usually  reaches  its  maximum  stage  between  March  I  and 
June  30,  and  its  minimum  stage  between  September  1  and 
November  30,  and  the  variations  in  height  are  never  abrupt. 
Issuing  from  the  straight  reach  above  Nine  Mile  Point,  it  makes 
a  sharp  bend  to  the  right  at  Southport,  the  upper  end  of  Carroll- 
ton  Bend,  with  a  width  of  about  2  200  ft.  and  depth  of  over  150 
ft.  at  low  water;  these  depths  decrease  gradually  to  about  70  ft., 
and  widths  increase  to  about  2  600  ft.  at  the  head  of  Walnut 
Street,  at  the  lower  end  of  Carrollton  Bend,  where  the  thalweg 
crosses  to  the  upper  end  of  Greenville  Bend  near  Company's 
Canal  below  Westwego  with  width  of  river  about  2  250  ft.,  and 
with  depths  from  130  to  160  ft.  to  opposite  lower  end  of  Audubon 
Park;  thence  the  width  increases  to  about  2  900  ft.  in  the 
lower  end  of  the  Greenville  Bend  with  channel  depths  about  80 
ft.  opposite  Upperline  Street;  thence  narrows  to  about  2  400  ft. 
at  Napoleon  Avenue,  with  a  comparative  straight  reach  and  width 
of  2  000  ft.  to  Gretna,  the  upper  end  of  Gouldsboro  Bend  with  depth 
of  90  to  1 10  ft.,  and  maintains  this  width  and  depth  to  near  Algiers 
Point,  in  the  lower  end  of  Gouldsboro  Bend ;  then  the  river  enters 
the  sharp  bend  known  as  the  Third  District  Bend,  below  Canal 
Street,  with  a  width  of  1  900  ft.  at  the  point,  and  depths  of  160 
and  170  ft.  near  midway  of  the  stream,  which  depths  are  main- 
tained to  opposite  Press  Street,  with  extreme  depth  of  182  ft. 
off  Mandeville  Street  near  midway  of  the  stream.  These  depths 
decrease  and  widths  increase  as  the  river  straightens  out  below, 
as  follows: 


160  ft.  depth  ends  opposite  Montegut  Street. 
150  ft.  depth  ends  opposite  Clouet  Street. 
140  ft.  depth  ends  opposite  Louisa  Street. 
130  ft.  depth  ends  opposite  Desire  Street. 
120  ft.  depth  ends  opposite  Pauline  Street, 
no  ft.  depth  ends  opposite  Kentucky  Street. 
100  ft.  depth  ends  opposite  Ursuline  Convent. 

90  ft.  depth  ends  opposite  Deslondes  Street. 

80  ft.  depth  ends  opposite  Egania  Street. 


Beyond  this  in  the  straight  reach  it  resumes  its  normal 
depth  about  70  ft.  to  Port  Chalmette,  the  end  of  the  harbor; 
at  the  United  States  Barracks  the  width  of  the  river  is  about 
2  500  ft. 
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Bank  Erosion    in  the  Concave  Bends  —  Carrollton   and 
Third  District. 

The  entire  Mississippi  River  concentrated  to  a  degree 
nowhere  else  to  be  found  along  its  course,  and  possessing  there- 
fore its  maximum  power  of  excavation,  is  turned  at  Nine  Mile 
Point,  the  upper  end  of  New  Orleans  Harbor,  and  again  at  Algiers 
Point,  about  an  angle  over  90  degrees  and  with  a  mean  radius  of 
curvature  about  one  and  a  half  times  the  width  of  the  river  at  these 
points.  The  concave  banks  below,  meaning  by  that  term  the 
extreme  slope  from  the  top  to  the  bottom  of  the  river,  which  can 
resist  such  force  for  even  a  brief  period,  must  possess  great  sta- 
bility, or  rapid  excavations  and  deep  incursions  will  necessarily 
follow,  and  are  to  be  expected.  From  the  most  authentic  source 
that  can  be  obtained,  and  by  comparison  of  bank  lines  from 
1832  to  date,  the  bank  line  in  the  Carrollton  Bend  has  receded 
500  to  600  ft.  in  the  deepest  recession.  By  comparing  surveys 
of  1878  and  1893,  in  fifteen  years  the  greatest  recession,  about 
200  ft.,  was  opposite  Fern  Street,  whilst  in  the  Third  District, 
from  1834  up  to  date,  the  average  recession  between  Clouet  and 
Egania  streets  is  less  than  100  ft.,  and  a  maximum  of  150  ft. 
between  Lesseps  Street  and  the  upper  end  of  the  property  of 
the  Ursuline  Convent.  There  can  be  but  one  explanation  of 
these  differences,  that  the  bank  in  the  Third  District  possesses 
a  stability  which  is  truly  remarkable,  and  that  this  stability  has 
been  fortified  by  artificial  means.  The  upper  portion  of  this 
bend  has  been  occupied  by  the  city  of  New  Orleans  from  the 
time  of  its  foundation,  and  the  lower  part  has  been  taken  up  by 
commerce  as  the  city  grew,  and  has  been  occupied  for  many  years 
with  skeleton  wharves,  which  from  time  to  time  have  caved  into 
the  river,  but  been  rebuilt  on  pretty  much  the  same  alignment. 
If  the  channel  of  the  Mississippi  within  the  limits  of  the  port 
of  New  Orleans  could  be  emptied  of  its  water,  so  as  to  expose  it 
to  the  bottom,  dry  and  bare,  the  appearance  would  be  surpris- 
ing to  the  ordinary  layman.  Instead  of  a  comparatively  level 
bed  corresponding  in  a  general  way  to  the  surface  of  the  river, 
and  its  adjacent  banks,  there  would  be  found  a  succession  of 
great  sand  hills,  and  intervening  crescent-shaped  depressions, 
of  one  hundred  feet  or  more,  or,  as  Mark  Twain  would  have  it, 
resembling  the  serrated  edge  of  a  buzz-saw. 

Bank  Protection  Work  by  the  United  States  Government. 

Everything  has    its  beginning.       So   did   bank    protection 

or  early  subaqueous  revetment  work  in  the  harbor  of  New  Orleans 
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as  it  existed  in  1877  and  1878,  for  which  the  incentive  was  purely 
the  protection  of  property.  Previously  to  this  time,  in  the  Mis- 
souri River,  the  silt-bearing  tributary  of  the  Mississippi,  for 
resisting  the  impact  of  the  current  and  preventing  the  erosion 
of  the  banks,  a  variety  of  devices  had  been  tried  with  more  or 
less  success.  Among  the  most  satisfactory  of  these  may  be 
mentioned  the  woven  brush  revetment,  the  continuous  mat, 
or  brush  blanket,  made  of  brush  sewed  together  with  wire,  and 
the  willow  screen.  This  character  of  work  as  applied  to  the 
Mississippi  River  in  front  of  New  Orleans  harbor,  originated 
from  a  survey  made  in  the  winter  of  1877  and  1878  through  a 
report  of  a  Board  of  Engineers  composed  of  the  following: 
G.  Weitzel,  major  of  Corps  of  Engineers,  U.  S.  A.;  W.  H.  H. 
Benyaurd,  major  of  Corps  of  Engineers,  U.  S.  A.;  C.  W.  Howell, 
major  of  Corps  of  Engineers,  U.  S.  A.;  Major  B.  M.  Harrod, 
chief  state  engineer;  J.  A.  D'Hemecourt,  city  engineer,  who  were 
convened  at  the  request  of  the  city  authorities  of  New  Orleans, 
to  consider  plans  for  the  protection  of  the  harbor  of  New  Orleans 
from  the  effects  of  caving  banks  of  the  Mississippi  River  along 
the  river  front.  The  report  submitted  by  this  Board  of  Engineers 
briefly  recommended  that  in  the  treatment  of  the  river  in  the 
Carrollton  and  Greenville  bends,  where  no  wharves  existed, 
the  slopes  of  the  river  bank  should  be  covered  from  a  short  dis- 
tance above  low-water  mark  to  a  distance  out  such  that  all  de- 
fective strata  would  be  protected,  by  a  layer  of  brush  formed  into 
rafts  and  ballasted  with  stone  sufficient  to  keep  them  in  position. 
In  the  Third  District  it  was  deemed  advisable  to  apply  protective 
measures  to  the  slope  of  the  bank  from  Morgan's  Wharf  to  Con- 
gress Street,  a  distance  of  7  500  ft.,  by  a  pile  bulkhead  to  be  driven 
extending  the  entire  distance  in  a  line  with  the  outer  row  of 
existing  wharf  piles ;  the  piles  to  be  of  pine  12  in.  at  butt  and  65  ft. 
in  length,  driven  in  pairs  6  ft.  between  centers,  longitudinally, 
and  driven  until  their  tops  were  on  a  level  with  the  decking 
of  the  existing  wharves;  between  the  piles  of  each  pair  a  clear 
space  of  3  ft.;  the  piles  to  be  bolted  together  at  low  water,  and 
at  the  top;  between  the  piles  extending  up  and  down  stream 
brush  fascines  to  be  placed  to  low-water  mark,  forming,  so  to 
speak,  a  brush  wall,  above  low-water  mark;  land  side  of  this  wall 
the  bank  to  be  revetted  with  wooden  sheet  piling  to  high-water 
mark.  From  the  foot  of  this  row  of  piles,  extending  out  as  far 
as  may  be  necessary,  about  200  ft.,  to  cover  all  defective  strata, 
a  layer  of  brush  and  stone  was  to  be  laid  upon  the  slope.  As 
the  largest  interests  involved  were  in  the  Third  District,  it  was 
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deemed  expedient  that  the  proposed  measures  of  protection 
should  be  first  applied  to  that  part  of  the  harbor.  The  total 
estimated  cost  of  the  project  was  figured  out  at  $476  000.  On 
this  report  an  appropriation  of  $50  000  was  obtained  by  act  of 
Congress,  approved  June,  1878,  and  subsequent  appropriations 
were  made  by  the  United  States  government  as  the  work  pro- 
gressed, aggregating  some  $260  000.  The  carrying  out  of  the 
plan  and  methods  to  be  pursued  in  the  conduct  of  the  work  were 
in  charge  of  Major  C.  W.  Howell,  Corps  of  Engineers,  United 
States  Army,  and  applied  from  1878  to  1881.  Operations  were 
carried  on  during  the  low-water  seasons  of  1878,  1879,  1880  and 
1 88 1,  the  work  for  the  first  three  years  being  confined  to  the  Third 
District,  while  the  greater  portion  of  the  work  done  in  1881 
was  in  Carrollton  Bend.  The  following  was  the  method  of  con- 
struction: A  mat  or  carpet  was  first  made  in  small  sections 
24  ft.  by  25  ft.,  the  material  used  being  fish-pole  cane  instead 
of  brush  on  account  of  its  abundance  in  this  country.  In  the 
finished  section  the  canes  lay  in  a  single  layer,  side  by  side, 
with  sufficient  interval  between  them  to  allow  for  the  stitching, 
about  one  inch.  It  was  sewed  from  one  end  to  the  other  by  seven 
continuous  pairs  of  wires  or  pieces  of  marline,  the  latter  being 
used  to  the  exclusion  of  wire  after  a  few  mats  were  placed. 
The  stitch  was  the  shoemaker's  stitch;  that  is,  one  marline  pass- 
ing under  one  cane,  passed  over  the  next,  under  the  third,  over 
the  fourth,  and  so  on,  while  the  other  marline  of  the  same  pair 
alternated  in  the  same  manner,  but  passed  on  the  opposite 
sides  of  the  canes.  The  two  pieces  of  marline  thus  crossed  each 
other  at  each  interval  between  the  canes;  in  crossing  they  were 
not  caught  together.  They  were  secured  only  to  the  middle 
and  end  canes  of  the  section.  The  breaking  of  a  marline  at  one 
point  destroyed  its  efficiency  throughout  its  length.  An  opening 
was  made  in  each  joint  of  each  cane  to  destroy  its  buoyancy, 
and  admit  sediment  from  the  river  after  sinking.  These  sections 
were  then  carried  on  board  the  floating  ways,  and  eight  of  them 
were  sewed  together,  end  to  end,  making  a  mat  200  ft.  by  24  ft., 
and  it  was  in  this  shape  that  the  mats  were  put  down  during  the 
seasons  of  1878  and  1879.  For  placing  them  a  row  of  guide 
piles  6  ft.  apart  was  driven  upon  the  line  of  the  front  wharf 
piles,  which  piles  were  intended  to  subsequently  form  part  of 
the  brush  wall  described  in  the  plan.  An  iron  ring  was  slipped 
over  each  pile,  fitted  loosely,  to  which  the  end  of  the  mat,  the 
24  ft.  side,  was  secured  by  a  piece  of  light  rope.  The  barge  upon 
which  the  mat  was  spread  was  then  moved  out  into  the  stream 
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by  a  tug-boat,  the  mat  was  launched  and  placed  upon  the  bottom 
with  its  longer  side  as  nearly  as  possible  perpendicular  to  the 
shore.  The  ballast  used  with  the  first  few  mats  was  old  boiler- 
tubes  filled  with  sand,  and  afterwards  canvas  bags  filled  with 
sand.  No  other  ballast  would  answer  the  purpose  because  it 
had  to  be  permanently  fastened  to  the  carpet;  buoys  were  at- 
tached to  each  mat  before  sinking,  by  means  of  which  its  location 
upon  the  bottom  could  afterwards  by  approximately  ascertained. 
There  was  much  irregularity  in  the  sinking.  The  presence  of 
ships  at  the  wharves  was  a  serious  inconvenience  to  the  work, 
causing  frequent  interruptions.  It  could  not  be  made  continuous. 
The  work  done  in  1878  and  1879  was  begun  just  below 
Picayune  Pier,  and  extended  to  the  foot  of  Mandeville  Street, 
covering  a  length  of  I  116  ft.  measured  along  the  bank.  It  con- 
sisted entirely  of  matting  of  the  above  description,  nothing  being 
done  towards  the  brush  wall  except  the  piling.  In  1880,  it  was 
found  impossible  to  begin  at  Mandeville  Street  where  the  work 
of  1879  terminated,  because  the  wharf  master  refused  to  move  the 
ships  that  were  moored  between  Mandeville  and  Montegut 
streets.  Work  was  accordingly  begun  at  Montegut  Street,  leav- 
ing a  gap  of  2  262  ft.  between  that  and  the  work  of  1879.  The 
general  construction  of  the  mats  was  the  same  as  before,  except 
that  they  were  made  larger.  Forty  sections,  each  14  ft.  by  25  ft., 
were  sewn  together,  making  a  mat  200  ft.  by  70  ft.,  instead  of 
200  ft.  by  24  ft.,  as  before.  Floating  ways,  having  the  direction 
of  their  slopes  parallel  to  the  shore  instead  of  perpendicular  to  it, 
as  before,  were  moored  to  the  guide  piles.  The  mat,  being  secured 
to  the  latter  in  the  same  manner  as  before,  was  launched  up  and 
down  stream  instead  of  across  stream,  as  before.  Ten  such  mats, 
covering  a  length  of  560  ft.  of  bank  between  Montegut  and  Louisa 
streets,  were  laid  in  1880.  The  ballast  used  was  sand  bags. 
Two  mats  similar  to  those  of  1880  were  laid  in  1881,  when  the 
floating  ways  were  blocked  from  further  progress  downstream 
by  the  presence  of  a  large  ship  engaged  in  loading  at  the  only 
wharf  remaining  available  in  the  Third  District.  The  wharves 
in  front  of  which  the  work  of  1878  and  1879  was  done  fell  into 
the  river  in  the  spring  and  summer  of  1880.  They  were  rebuilt, 
and  wrecked  again  in  1881.  These  mats  were  of  little  permanent 
value,  the  cane  proving  not  a  good  material  owing  to  its  straight- 
ness,  smoothness  and  rigidity,  depriving  it  to  a  large  degree 
of  the  silt-catching  quality  which  is  of  so  great  importance  in  the 
revetment  of  the  banks  of  the  river.  The  work  had  been  done 
in  a  desultory  way  in  the  Third  District,  and  the  upper  end  of 
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Carrollton  Bend,  and  by  order  of  the  Secretary  of  War,  September 
28,  1881,  in  accordance  with  the  recommendation  of  a  Board  of 
Engineer  Officers,  composed  of  Majors  Charles  R.  Suter,  W.  H.  H. 
Benyaurd  and  Amos  Stickney,  and  Capt.  O.  H.  Ernst,  who  were 
convened  by  the  Chief  of  Engineers  to  consider  and  report  upon 
the  work  of  improvement  of  the  New  Orleans  Harbor,  the  plan 
was  discontinued  after  some  96  031.75  sq.  yd.  of  the  sloping  por- 
tion of  the  river  bed  had  been  covered,  47  575.64  sq.  yd.  in  the 
Third  District,  about  1700  linear  ft.,  and  48456.11  sq.  yd. 
in  the  bend  at  Carrollton,  about  2  268  linear  ft.,  at  a  cost  of  $114- 
546.72,  or  about  $28  per  linear  ft.  out  of  a  total  amount  appro- 
priated of  $260  000.  A  re-survey  of  the  bend  at  Carrollton 
and  the  one  in  the  Third  District  was  at  once  commenced,  in 
accordance  with  the  instructions  of  the  Board  of  United  States 
Engineer  Officers,  and  upon  its  completion  the  Board  reassembled 
at  New  Orleans,  February  17,  1882;  upon  a  comparison  of  the 
sections  and  profiles  of  the  surveys  of  1878  and  1881,  the  Board 
reported  to  the  Chief  Engineer,  on  February  20,  1882,  that  the 
banks  of  the  river  in  the  vicinity  of  New  Orleans  are  stable; 
that  in  the  concave  bends  there  is  a  slow  and  gradual  erosion  at 
places,  where  the  stability  of  the  bank  has  not  been  reinforced 
by  the  remains  of  old  wharves  and  bulkheads ;  that  the  frequent 
wrecking  of  the  wharves  is  due  not  to  the  erosion  of  the  bank 
but  to  the  sloughing  of  the  silt  deposited  among  the  wharves 
at  high  water,  where  these  are  located  upon  a  steep  slope.  There 
are  presented  in  the  river  front  of  New  Orleans  two  distinct 
problems,  viz. : 

First,  the  protection  of  the  wharves,  and 

Second,  the  protection  of  the  bank  from  erosion. 

The  first  problem  appears  principally  in  the  Third  District; 
at  this  locality  the  stability  of  the  bank  is  so  great  that  no  further 
protection  seems  necessary  below  low-water  line.  Above  that 
line  the  slope  as  far  up  as  the  line  of  bulkheads  is  now  protected 
by  the  presence  of  the  wharves,  and  still  farther  up  is  partially 
protected  by  the  bulkheads  themselves.  For  the  protection 
of  the  wharves  there  seem  to  be  three  alternatives,  viz. : 

First,  to  so  construct  them  that  they  shall  not  cause  heavy 
silt  deposits;  or 

Second,  to  make  them  strong  enough  to  withstand  the  strains 
brought  to  bear  upon  them  by  the  sloughing;  or 

Third,  to  gradually  remove  the  deposits  by  artificial  means 
before  they  have  an  opportunity  to  slip  in  mass. 

The  first  remedy  may  be  accomplished  by  providing  floating 
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instead  of  fixed  supports.  The  second  would  require  a  form  of 
construction  much  more  substantial  than  any  heretofore  used 
at  this  locality,  and  would  be  experimental.  The  third  is  easily 
accomplished,  if  it  be  kept  in  view  when  the  wharves  are  con- 
structed. A  powerful  tug  presents  probably  the  easiest  and  quick- 
est means  of  removing  large  masses  of  silt.  The  disturbance 
caused  by  the  motion  of  her  wheel  will  effect  an  excavation  at  a 
considerable  distance,  and  will  be  effective  at  the  greatest  dis- 
tance which  will  be  necessary  in  this  case;  openings  between  the 
wharf-heads  should  be  left  for  the  admission  of  such  a  tug, 
and  as  soon  as  the  deposits  have  acquired  any  considerable 
volume,  and  before  the  river  has  begun  to  fall  from  its  high 
stage,  she  should  be  set  at  work  within  the  wharves  and  between 
the  piers  leading  to  them.  By  this  means  the  pressure  of  the  silt 
may  be  prevented  from  becoming  excessive.  As  an  additional 
precaution,  greater  care  should  be  exercised  in  placing  the  piles 
which  support  the  wharves.  Fewer  piles  should  be  used,  and  these 
should  be  heavier  than  those  now  used,  and  should  be  driven  to 
much  greater  depth.  The  wharves,  in  many  cases,  seem  to  have 
been  constructed  with  the  conviction  that  it  was  impossible  to 
make  them  durable,  and  the  cost  of  their  construction  has  been 
kept  as  low  as  possible.  Piles  have  been  driven,  as  a  rule,  to  a 
depth  of  about  12  or  15  ft.,  and  never,  so  far  as  the  Board  can 
learn,  to  a  depth  greater  than  25  ft.  This  depth  should  be  in- 
creased to  about  40  ft.,  etc. 

In  Carrollton  Bend  the  problem  of  bank  protection  alone  is 
presented.  A  comparison  of  the  sections  shows  that  no  great 
changes  have  occurred  here  since  1878,  but  as  considerable 
erosion  took  place  in  twenty  years  preceding  1878  and  as  there 
is  no  reinforcement  by  artificial  means  of  the  natural  stability  of 
the  bank,  it  seems  desirable  that  a  revetment  should  be  con- 
structed. To  be  efficient,  the  protection  of  the  slope  below  the 
water  line  should  extend  to  the  bottom  of  the  river;  this  will 
require  a  mattress  about  400  ft.  wide.  It  is  essential  that  every 
portion  of  this  surface  should  be  covered;  and,  to  insure  this, 
the  mattress  when  in  place  should  be  continuous,  either  by  an 
absolutely  continuous  construction,  making  one  single  mattress 
for  the  entire  length  of  the  bend,  or  by  the  thorough  overlapping 
of  contiguous  sections,  which  should  be  made  of  the  greatest 
practicable  length.  The  mattress  should  be  so  adjusted  as  to 
possess  the  greatest  silt-catching  power,  etc.  The  approximate 
estimate  for  the  cost  of  such  construction  is  figured  at  $28  per 
running  foot  of  bank.   The  total  length  of  bank  in  Carrollton  Bend 
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is  about  10  ooo  ft. ;  at  $28  per  foot,  the  estimated  cost  will  be 
$280000.  The  River  and  Harbor  Act  of  August  2,  1882,  rele- 
gated this  work  in  the  general  plan  for  improving  the  Mississippi 
River  to  the  Mississippi  River  Commission,  for  the  Mississippi 
River  Commission  was  created  by  act  of  Congress,  approved 
June  28,  1879.  The  law  provided  that  it  should  consist  of  seven 
members,  of  whom  three  were  to  be  from  the  Engineer  Corps  of 
the  Army,  one  from  the  Coast  and  Geodetic  Survey,  and  three 
from  civil  life,  of  whom  two  were  to  be  civil  engineers  by  pro- 
fession. Its  duties  were  defined  in  part  as  follows :  ' '  To  take  into 
consideration  and  mature  such  plan  or  plans  and  estimates  as 
will  correct,  permanently  locate  and  deepen  the  channel,  and 
protect  the  banks  of  the  Mississippi  River;  improve  and  give 
safety  and  ease  to  the  navigation  thereof;  prevent  destructive 
floods;  promote  and  facilitate  commerce,  trade  and  the  postal 
service." 

Improvement  of  the  New  Orleans  Harbor  by  the  United 
States  Government. 

The  work  of  improving  the  harbor  of  New  Orleans  under 
direction  of  the  Mississippi  River  Commission  may  be  said  to 
have  been  commenced  in  the  winter  of  1883-4,  when  a  mat- 
tress of  the  continuous  woven  type,  400  ft.  wide  and  470  ft.  long, 
was  sunk  at  the  head  of  Carrollton  Bend  in  December,  1883. 
The  mattress-ways  were  28  ft.  wide  and  400  ft.  long;  they  were 
constructed  across  the  ends  of  ten  barges,  each  of  which  measured 
100  ft.  by  20  ft.  These  barges  were  separated  by  a  space  of 
22!  ft.  and  were  so  linked  together  that  high  waves  could  not 
injure  them  or  the  mattress-ways.  The  plant  was  placed  in 
position  at  the  head  of  Carrollton  Bend.  The  willow  brush  was 
woven  on  poles,  with  iron  rods  fastened  to  them.  The  poles  and 
rods  were  25  ft.  long,  and  when  one  set  had  been  woven  full  of 
brush  another  set  was  linked  on.  Two  No.  8  wires  ran  through 
and  across  the  mattress  every  12  ft.  of  its  length,  and  heavy 
binding  poles  were  wired  across  every  25  ft.  of  length.  Some 
470  ft.  of  continuous  mattress  was  sunk,  when,  owing  to  serious 
and  rapid  caving  of  river  bank  in  Gouldsboro  Bend  on  the  right 
or  west  bank  of  the  river,  involving  much  loss  to  property  of 
considerably  greater  prospective  value  than  in  Carrollton  Bend, 
the  attention  of  the  United  States  government,  the  following 
year  (1884),  was  directed  to  the  protection  of  this  bend  of  the 
New  Orleans  Harbor,  and  the  plan  adopted  was  to  use  spur 
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dikes  300  ft.  long  instead  of  the  continuous  mattress,  built  out 
at  right  angles  to  the  bank;  the  spurs  were  located  at  such  dis- 
tances apart,  from  500  to  1  600  ft.,  that  the  current  deflected 
from  one  will  reach  the  next  before  it  strikes  the  bank.  The 
spur  dike  consists  of  a  foundation  mattress  of  willows,  brush 
and  timber,  of  same  design  with  improved  modification  as  the 
original  woven  mattress  used  in  Carrollton  Bend,  150  ft.  wide 
by  350  ft.  long,  which  is  first  sunk  in  position,  and  which  was  in- 
tended to  prevent  any  scouring  action  on  the  river  bottom  by 
eddies  or  local  currents  which  may  be  produced  by  the  dike. 
On  this  mattress  the  dike  is  built  up  by  sinking  successive  layers 
of  mattresses  or  cribs  of  diminishing  widths,  the  construction  of 
which  is  similar  to  that  of  the  foot  mattress,  except  that  they  are 
made  thicker.  The  work  is  so  planned  that  the  top  of  the  com- 
pleted dike  at  the  shore  end  will  be  below  low-water  line,  and 
the  crest  of  the  dike  has  an  approximately  regular  slope  of  about 
three  horizontal  to  one  vertical,  its  outer  end  resting  on  the  river 
bottom  in  deep  water. 

Spur  No.  1,  laid  in  the  upper  end  of  Greenville  Bend  in 
1889-90,  is  worthy  of  special  mention  as  being  the  largest  struc- 
ture of  its  kind  ever  placed  in  the  Mississippi  River  or  elsewhere. 
It  contained  in  round  numbers  3  400  cords  of  willow  brush, 
80  000  ft.  of  lumber,  2  000  tons  of  rock,  5  500  lb.  of  wire,  60  kegs 
of  nails  and  spikes,  and  8  000  lb.  of  iron  rods  and  chains.  Its 
length  was  430  ft.,  its  maximum  height  60  ft.,  and  the  depth  of 
the  water  at  its  outer  end  was  152  ft.  at  low  water.  In  addition 
to  these  dikes,  continuous  bank  revetment  in  later  years  has  been 
constructed  in  the  intervals,  where  the  destructive  forces  have 
proved  very  active.  This  revetment  has  an  average  width  of 
about  400  ft.,  and  extends  from  low-water  line  out  to  deep 
Avater,  covering  the  entire  bank  slope.  In  building  this  revetment 
mattresses  are  made  of  willow  brush  and  poles,  and  fastened 
with  sawed  timber  and  wire,  and  are  first  constructed  in  sections 
of  convenient  size,  about  2  ft.  thick.  These  sections  are  then 
fastened  together,  forming  a  large  mattress,  which  has  a  width  of 
130  to  150  ft.  and  a  length  equal  to  the  width  of  the  revetment, 
300  to  400  ft.  This  mattress  is  floated  to  position  between  lines 
of  barges  secured  by  mooring  lines,  and  is  sunk  by  loading  it 
with  rock  evenly  distributed  over  its  surface.  After  it  is  sunk 
additional  rock  is  deposited  upon  it. 

The  effect  which  the  continuous  revetment  is  intended  to 
produce  is  to  cover  the  entire  bank  slope  directly  after  the  caving 
for  the  season  has  ceased,  and  when  the  bank  has  presumably  a 
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form  best  adapted  to  stability,  and  to  protect  it  from  further 
erosion.  The  dikes  are  designed  to  arrest  caving  by  checking 
the  velocity  of  the  current,  and  inducing  a  deposit,  and  to  support 
the  bank.  Spur  dikes  without  immediate  revetment  have  been 
successful  in  some  of  the  straight  reaches,  and  on  concave  banks 
of  large  radius,  but  in  the  abrupt  bends  the  dikes  alone  are  only 
locally  effective.  It  was  estimated  in  1897  that  the  cost  of  bank 
protected  by  the  United  States  government  was  $37.70  per 
running  foot. 

Bank  Protection  Work  by  the  Orleans  Levee  Board  in 
the  Third  District. 

On  August  20,  1897,  Mr.  L.  W.  Brown,  a  civil  engineer  of 
note  and  ability,  who  had  been  elected  at  a  previous  meeting 
assistant  engineer  of  the  Orleans  Levee  Board,  made  an  elaborate 
report  on  the  condition  of  the  levee  and  bank  lines  in  the  Third 
District,  from  Clouet  Street  to  Jackson  Saw  Mill,  and  recom- 
mended to  the  Orleans  Levee  Board  the  construction  of  a  con- 
tinuous skeleton  pile  wharf  of  the  usual  type  of  construction  as  a 
bank  protection  measure.  His  plea  for  such  construction  is 
expressed  as  follows: 

"  Any  measures  having  for  their  object  the  preservation 
of  a  caving  bank,  or  a  bank  which  the  current  is  impinging  with 
abrading  force,  from  further  caving,  that  do  not  provide  a 
uniform  impingement  throughout  the  stretch,  where  the  caving 
bank  exists,  for  the  current  to  strike  against,  and  thus  remove  the 
irregularities  in  the  current,  such  as  counter  currents,  cross 
currents,  eddies  and  whirlpools,  cannot  be  a  permanent  success. 
On  the  other  hand,  if  measures  on  these  lines  are  adopted  whereby 
the  current  can  be  guided  past  the  abrading  bank  at  a  uniform 
velocity,  the  structure  required  to  accomplish  this  end  would 
necessarily  have  to  be  of  such  character  as  to  impede  the  velocity 
and  allow  deposits  to  form,  and  gradually  any  desired  extension 
could  be  made  riverward  throughout  the  stretch  of  caving  bank ; 
as  such  a  structure  would  provide  a  resistance  more  than  equal 
to  that  which  is  required  to  force  the  current  towards  the  opposite 
shore  or  point,  and  would  abrade  same,  and  the  channel  of  flow 
would  be  thus  forced  over  towards  its  original  position,"  etc. 

And  again, 

"from   personal    observation    during   the    past  high-water 

season,  have  demonstrated  thoroughly,  to  my  mind,  that  if  the 
surface  flow  of  the  river,  which  under  certain  conditions  has 
greater  velocity,  can  be  checked,  where  it  sets  against  the  bank, 
it  very  materially  interferes  with  the  force  of  the  lower  currents, 
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and  reduces  its  power  to  scour,  and  I  am  now  thoroughly  con- 
vinced that  unless  you  can  check  the  surface  currents,  no  real 
benefits  can  be  expected  from  submerged  structures,"  etc. 

The  same  character  of  work  was  subsequently  recommended 
by  Mr.  Brown  for  the  Second  Street  cave,  the  Third  District 
Reach  from  Jackson  Saw  Mill  to  the  Barracks,  and  the  Car- 
rollton  Bend.  The  Orleans  Levee  Board  undertook  and  did 
carry  out  this  plan  of  bank  protection  in  the  Third  District, 
without  the  approval  of  the  Board  of  State  Engineers,  at  an 
expense  of  nearly  two  hundred  thousand  dollars.  On  August 
23,  1898,  one  year  after  the  project  was  adopted,  a  cave  and  subsi- 
dence of  the  bank  took  place  in  the  Third  District,  from  a  point 
about  one  hundred  feet  below  the  head  of  France  Street,  and 
extending  upstream  for  a  distance  of  810  ft.,  and  the  fore  shore 
and  skeleton  wharf  for  a  length  of  1  115  ft.  were  carried  in; 
notwithstanding  this  object  lesson  the  work  of  repairing  same 
and  reconstruction  of  other  parts  continued.  To-day  there  is 
not  a  vestige  left  of  this  pile  bank  protection  work;  it  has  either 
caved  into  the  river  or  rotted  out,  and  the  areas  occupied  by  the 
decayed  piles  and  debris  of  the  skeleton  wharf  had  to  be  cleaned 
and  cleared  at  a  cost  of  $26  591.60  by  the  Orleans  Levee  Board 
in  1908,  so  that  the  United  States  government  could  lay  the 
submerged  continuous  mattresses  to  protect  these  banks. 

Amount  of  Work  Done  up  to  Date  by  the  United  States 

Government. 

Up  to  date,  the  following  amount  of  bank  protection  work 
in  the  harbor  of  New  Orleans  has  been  done  by  the  United 
States  government  under  the  direction  of  the  Mississippi  River 
Commission.  "The  revetment  in  the  Carrollton  Bend  now  has 
a  length  of  13  330  lin.  ft.,  and  consists  of  3  975  ft.  of  continuous 
mattress  400  ft.  wide,  3  955  ft.  of  continuous  mattress  300  ft. 
wide,  3  365  ft.  of  continuous  mattress  250  ft.  wide,  placed  gen- 
erally with  its  inshore  edge  along  the  60  ft.  contour,  and  2  035 
ft.  protected  with  five  submerged  sloping  spur  dikes  in  con- 
junction with  continuous  mattress.  In  the  Greenville  Bend, 
there  is  now  1  570  lin.  ft.  of  continuous  mattress  300  ft.  wide. 
On  the  Gretna  Front,  2  795  lin.  ft.  of  continuous  mattress  300  ft. 
wide.  In  the  Gouldsboro  Bend,  9  475  lin.  ft.  protected  by  24 
submerged  sloping  spur  dikes.  In  the  Third  District  Reach, 
9  400  lin.  ft.  of  continuous  mattress  from  300  to  400  ft.  wide  in 
conjunction  with  sixteen  submerged  sloping  spur  dikes,  and  I  no 
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lin.  ft.  of  continuous  mattress  from  200  to  300  ft.  wide.  The 
total  length  of  bank  protected  wholly  or  in  part  is  37  680  lin.  ft., 
about  7!  miles.  The  1  940  ft.  nominally  protected  by  two  spur 
dikes  placed  in  the  Greenville  Bend  in  1889-90  is  omitted  from  the 
total,  since  these  dikes,  although  apparently  intact,  have  been 
flanked  and  the  caving  is  continuing  back  of  them.  Two  of  the 
mattresses  sunk  in  the  Carrollton  Bend,  to  prolong  the  work  of 
previous  years  from  the  60  ft.  contour  up  to  low-water  line,  have 
slipped  down  the  hard  clay  bank,  which  has  an  inclination  of 
one  in  two;  a  survey  indicated  that  no  caving  of  the  bank  had 
occurred  in  the  vicinity;  with  the  exception  noted,  all  of  the 
work  so  far  is  known  to  be  in  good  condition.  Net  field  cost  of 
season's  work,  $122  933." 

The  urgency  of  the  work  required  to  be  done  in  the  New 
Orleans  Harbor  by  the  United  States  government  has  long  been 
admitted,  and  time  and  time  again  has  the  government  been 
appealed  to  by  her  commercial  bodies,  et  al.;  the  Board  of  Levee 
Commissioners  of  the  Orleans  Levee  District  have  repeatedly 
announced  that  if  the  national  government  will  undertake  the 
task  of  bank  protection,  the  district  will  construct  and  maintain 
all  the  levee  lines  required.  In  order  to  do  this,  it  will  be  neces- 
sary for  the  government  to  mattress  all  bends  from  Southport 
down  to  the  end  of  the  harbor,  without  reference  to  parish  lines ; 
the  arrest  of  encroachment  in  the  bends  will  reduce  to  a  certain 
extent  accretion  on  the  opposite  bank,  but  to  do  this  work 
effectually  would  require  an  annual  expenditure  of  $300  000 
and  that  is  what  all  interests  in  the  harbor  of  New  Orleans 
should  combine  to  obtain  from  the  United  States  government 
until  the  work  is  completed. 

The  total  amount  received  from  the  government  for  this 
work  since  its  incipiency,  1878,  up  to  date,  as  shown  in  the 
following  table,  is  $1  824  391 .34.  This  shows  the  average  amount 
of  work  done  per  year  for  thirty-three  years  to  have  been  about 
$55  000. 
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New  Orleans  Harbor. 

abstract  of  appropriations. 

"  Improving  Harbor  at  New  Orleans,  La." 

Allotted.  Amount. 

June  18,  1878  (river  and  harbor) $50  000.00 

March  3,  1879  (sundry  civil) 60  000.00 

June  16,  1880  (sundry  civil) 75  000.00 

March  3,  1881  (river  and  harbor) 75  000.00 

August  2,  1882  (river  and  harbor) By  transfer.                            162.86 

January  19,  1884  (river  and  harbor) By  transfer.                         1  400.00 

July  5,  1884  (river  and  harbor) By  transfer.                        4  900.00 

July  13,  1892  (river  and  harbor) By  transfer.                       80  000.00 

August   18,  1894  (sundry  civil) no  000.00 

June  3,  1896  (river  and  harbor) June  27,  1896.                no  000.00 

March  3,  1899  (sundry  civil) March  13,  1899.             110000.00 

Received  from  sale  of  property 38.63 

$676501.49 

"  Improving  Mississippi  River,  New  Orleans  Harbor." 

Allotted.  Amount. 

August  5,  1886  (river  and  harbor) $75  000.00 

August  11,  1888  (river  and  harbor).  .  .\  .  .  199  888.00* 

September  19,  1890  (river  and  harbor).  .  .  Oct.  15,  1890.  90000.00 

September  19,  1890  (river  and  harbor).  .  .  Dec.  14,  1890.  10000.00 

September  19,  1890  (river  and  harbor).  .  .  By  transfer.  8  000.00 

June  4,  1897  (river  and  harbor) By  transfer.  10  000.00 

June  4,  1897  (river  and  harbor) By  transfer.  40  000.00 

June  13,  1902  (river  and  harbor) July  12,  1902.  95  000.00 

March  3,  1905  (sundry  civil) April  26,  1905.  85  000.00 

June  30,  1906  (sundry  civil) June  28,  1906.  10  000.00 

March  2,  1907  (river  and  harbor) July  12,  1907.  100  000.00 

May  27,  1908  (sundry  civil) May  4,  1908.  150  000.00 

Received  from  sales  blueprints 1.75 

March  4,  1909  (sundry  civil) April  28,  1909.  100  000.00 

June  25,  1910  (river  and  harbor) July  25,  1910.  175  000.00 

$1  147  889.75 

Grand  total $1  824  391.24 

*  Original  appropriation,  $200  000;  $112  reserved  by  the  Chief  of  Engineers 
for  office  expenses. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  January  1,  1912,  for  publi- 
cation in  a  subsequent  number  of  the  Journal.] 
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By  John  F.  Stevens,  Member  of  the  Oregon  Society  of  Engineers. 


[Read  before  the  Society,  March  9,   191 1.] 

When  I  accepted  an  invitation  to  address  the  members  of 
this  Society  this  evening,  the  subject  selected  was  the  Panama 
Canal,  and  I  was  to  choose  such  particular  phases  of  that  subject 
as  I  might  elect  to  talk  upon.  But  several  of  my  friends  to-day 
have  told  me  it  was  generally  understood  I  had  something  sensa- 
tional to  declare,  presumably  as  to  the  attitude  of  the  railroads 
to  canals.  Now,  I  am  not  authorized  in  the  least  to  speak  for  the 
railroads,  or  for  any  one  of  them,  on  this  matter.  But  I  have 
my  individual  opinion,  and  in  order  that  there  may  be  no  mis- 
understanding as  to  that  opinion,  I  beg  to  say:  Some  two  and 
one-half  years  ago  I  had  the  honor  to  speak  before  the  first  annual 
convention  of  the  Atlantic  Deeper  Waterways  Association  at 
Baltimore.  The  subject  assigned  to  me  was  "  The  Relation 
of  Railways  to  Canals,"  and  I  am  going  to  read  you  extracts 
from  my  remarks  at  that  time,  which  will,  I  think,  clearly  indicate 
my  position.  I  may  say  my  views  are  the  same  to-day,  only 
stronger,  and  that  they  apply  to  all  canals,  properly  located 
and  constructed,  including  the  one  under  consideration. 

"  But  the  gigantic  strides  our  internal  commerce  has  made 
have  demonstrated  that  while  railways  serve  a  purpose  which 
waterways  can  never  do,  they  need  to  be  supplemented  by  a 
cheaper,  if  slower,  carrier.  There  are  immense  volumes  of 
low-grade  traffic  which,  to  be  moved  at  all,  require  very  low  rates. 
Such  traffic  is  now  being  handled  by  the  railways,  to  the  detri- 
ment of  their  other  and  faster-moving  business,  resulting  in  a 
loss  to  themselves  and  to  the  public  also. 

"  There  seems  to  be  a  general  impression  that  the  railways 
are  opposed  to  the  exploitation  and  construction  of  canals. 
That  there  is  good  ground  for  such  opinion  the  speaker  does  not 
believe.  The  concensus  of  opinion  among  our  ablest,  most  far 
sighted  railway  owners  and  executives  is  undoubtedly  that 
canals,  properly  planned,  honestly  financed  and  constructed 
will  not  only  aid  the  development  of  the  country,  but  will  create 
new  business  and,  from  other  and  potent  causes,  be  of  assistance 
and  value  to  the  railways  themselves.  Beyond  a  doubt,  they 
will  take  from  the  railways  some  part  of  a  certain  class  of  traffic, 
but  such  loss  will  be  recouped  by  the  fact  that  the  railways  will 
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be  enabled  to  better  and  more  economically  handle  the  higher- 
priced  traffic,  which  the  waterways  can  never  satisfactorily  do, 
and  so  the  net  results  will  be  for  their  benefit. 

"It  is  lamentably  true  that  the  roads  have  not  been  able 
in  recent  past  times,  owing  to  the  increase  of  business  going 
ahead  of  their  facilities,  to  handle  promptly  the  traffic  thrust 
upon  them.  That  this  traffic  has  increased  in  far  greater  volume 
than  have  additions  and  improvements  been  made  to  the  carriers 
is  a  fact  which  needs  no  elaboration.  And,  for  reasons  which 
need  not  be  entered  into  here,  but  which  are.  very  apparent  to 
all  thinking  men,  just  at  a  most  critical  time,  the  power  to  extend 
and  improve  present  facilities  was  taken  from  the  railways; 
so  that  when  business  resumes  —  as  it  surely  will  —  its  late 
lamented  and  probably  much  increased  activity,  it  will  find  itself 
hampered  and  throttled  to  an  extent  it  has  never  known. 

"  The  inevitable  loss  will  be  borne  by  all  alike,  from  the 
strongest,  most  powerful  corporate  interest  to  the  humblest 
individual  citizen  —  none  will  escape.  Already  this  baneful 
effect  has  been  felt;  but  what  has  happened  in  the  past  will  be 
but  a  summer  cloud  to  a  torrential  storm,  to  what  may  come. 
In  our  industrial  world  —  which  means  all  our  world  —  there 
will  be  no  distinction  between  the  agricultural,  the  manufactur- 
ing, the  transportation,  the  mining,  the  mercantile,  the  pro- 
fessional or  the  laboring  people.  The  enlargement  of  our  carry- 
ing capacity  must  keep  abreast  of  the  expansion  of  our  com- 
mercial interests.  Already  the  former  is  lagging,  and  no  greater 
question  (and  one  which  is  already  more  than  insistent  —  it  is 
absolutely  clamorous)  is  presented  than  the  one  of  how  to  provide 
the  ample  transportation  facilities  our  business  will  require. 

"So  it  will  be  that  the  railroads,  by  collaboration  with 
waterways,  natural  and  artificial,  and  by  establishing  coordinate 
relations  with  them,  will  solve  the  great  transportation  problem 
which  presents  itself,  and  which  must  be  settled,  and  settled 
right,  unless  the  hand  of  commercial  progress  is  not  only  stopped 
but  set  back. 

"  It  will  be  generally  conceded  that,  from  a  commercial 
standpoint,  we  are  a  nation,  and  not  merely  a  collection  of 
scattered  cities,  districts  or  states,  each  with  its  own  interests 
separate  and  independent  of  the  rest,  so  that  if  from  any  cause 
business  is  affected  favorably  or  otherwise  at  any  point  in  our 
country,  such  effects  never  fail  to  be  reflected  at  every  other 
point;  naturally,  all  are  benefited  or  harmed,  as  the  case  may  be. 
It  then  follows,  as  all  business  depends  upon  transportation  for 
its  very  life,  that  the  great  problem  of  ways  and  means  for  con- 
ducting it  is  not  confined  to  narrow  limits,  but  involves  the 
entire  country." 

I  want  to  call  your  especial  attention  to  my  reference  to 
our  nation  as  a  whole,  because  what  I  may  say  about  the  com- 
mercial aspects  of  the  Panama  Canal  applies  to  the  United 
States  as  a  whole  and  not  to  Oregon,  nor  to  the  Northwest,  alone. 
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And  if  you  notice  points  that  apparently  do  not  harmonize 
geographically,  remember  that  I  have  a  good  precedent  in  follow- 
ing the  lead  of  a  very  eminent  man,  whose  tariff  speeches  in  the 
last  campaign  were  evidently  intended  not  to  be  used  in  the 
East  and  West  indiscriminately.  As  I  hope  the  above  state- 
ments dispose  of  any  expected  sensation,  I  will  say  further: 

Nearly  four  years  ago  I  addressed  the  members  of  the 
University  Club  of  a  prominent  New  England  city  on  the  same 
subject  that  we  have  before  us  to-night,  "  The  Panama  Canal." 
Although  no  report  was  supposed  to  have  been  made  of  the 
meeting,  I  soon  found  that  distorted  quotations  and  false  ver- 
sions of  what  I  had  said  were  creeping  into  the  press,  and  in 
deference  to  the  advice  of  some  of  my  misguided  friends,  I  had 
a  few  hundred  copies  of  my  very  sketchy  notes  printed  for 
private  distribution.  As  the  very  limited  time  I  have  had  to 
prepare  for  this  evening  precluded  any  attempt  to  formulate  a 
set  address,  I  have  concluded  that  I  can  do  no  better  than  to 
read  to  you,  with  your  kind  indulgence,  somewhat  from  a  printed 
copy  of  my  former  effort,  supplemented  by  whatever  additions 
of  a  verbal  nature  may  occur  to  me  to  be  appropriate,  consider- 
ing the  lapse  of  time  that  has  occurred. 

The  conception  of  the  possibility  of  uniting,  by  artificial 
means,  the  waters  of  the  Atlantic  and  Pacific  oceans  was  a 
resultant  of  the  many  and  often  visionary  projects  entertained 
by  the  bold,  and  generally  unscrupulous,  spirits  who  not  only 
ruled  Spain  when  she  was  at  the  zenith  of  her  power,  but  carried 
her  flag  and  prestige  to  all  parts  of  the  New  World,  as  it  was  then 
known.  With  few  exceptions,  every  agitation,  great  or  small, 
of  any  part  of  the  human  race  which  has  culminated  in  a  move- 
ment to  seize,  explore  and  hold  distant  regions  by  force  of  arms 
has  been  dictated  by  avarice.  The  fabulous  reports  brought 
to  Spain  by  Columbus,  and  by  the  early  adventurers  who  followed 
him,  of  the  wealth  in  gold,  silver  and  precious  stones  in  the  new 
countries,  raised  up  a  horde  of  legalized  bandits,  whose  exploits 
history  has,  with  more  or  less  accuracy,  set  forth. 

Columbus,  as  we  know,  died  without  knowledge  of  what 
lands  he  had  touched,  believing  them  to  be  a  part  of  what  was 
then  popularly  called  Cathay,  or  what  is  now  known  as  the  East 
Indies.  Balboa,  by  his  trip  into  the  unknown  wilderness,  first 
demonstrated  that  beyond  the  lands  so  far  only  really  seen 
from  a  ship's  deck,  there  existed  another  body  of  water,  which 
was  finally  proven  to  dwarf  the  Atlantic  in  size,  and  which  was 
separated  from  it  by  only  a  comparatively  narrow  strip  of  land. 
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Balboa  early  fell  a  victim  to  the  jealousy  of  his  fellow-adventurers 
and  was  not  permitted  to  live  to  extend  his  discoveries,  but  he 
was  followed  by  others  as  enterprising  and  unscrupulous. 

The  timbers  of  the  first  ship  which  plowed  the  waters  of 
the  Pacific  Ocean,  manned  by  white  men,  as  far  as  history,  or 
tradition,  if  you  please,  tells  us,  were  laid  in  a  small  bay  on  the 
southern  side  of  the  isthmus  of  Darien  by  one  of  these  adven- 
turers, and  these  timbers  were  cut  on  the  shores  of  the  Atlantic, 
hewn  into  shape  and  carried  across  the  isthmus  to  the  shore  of 
the  Pacific,  and  were  there  put  together  for  the  first  voyage 
into  the  unknown  sea.  This  work  was  performed  by  natives 
seized  and  held  as  slaves  by  the  Spaniards,  who  without  such 
enforced  labor  could  have  done  little,  but  who  with  the  cross 
in  one  hand  and  the  sword  and  torch  in  the  other  forced  the 
civilization  of  medieval  Europe  on  to  the  greater  part  of  the  new 
world. 

The  conquest  of  Peru,  the  spoliation  of  her  wealth  by  Pizarro 
and  the  men  who  followed  him,  are  matters  of  history.  The 
most  natural  route  by  which  all  the  spoils  of  conquest  which 
were  claimed  by  the  crown  of  Spain  could  be  sent  home,  was 
by  the  west  coast  of  South  America,  thence  across  the  isthmus 
and  over  the  Atlantic  to  Spain.  This  practice,  with  the  necessity 
for  a  port  on  the  south  side  of  the  isthmus,  brought  into  existence 
the  city  of  Panama,  and  from  Panama  northward  across  the 
isthmus  the  Spaniards  constructed  a  road,  paved  with  stone, 
wride  enough  for  two  heavily  laden  mules  to  pass,  and  over  which 
for  years  crossed  and  recrossed  the  pack  trains  which  kept 
open  the  lines  of  communication  between  the  Pacific  Ocean  and 
.  the  plate  ships  of  Spain.  This  old  road  still  exists,  and  I  have 
traveled  over  miles  of  it  still  in  fairly  good  condition,  and  giving 
ample  evidence  of  the  thoroughness  with  which  such  works  were 
then  carried  out. 

All  of  these  millions  of  treasure  did  not  reach  Spain ;  Panama 
in  those  early  days  was  accounted  the  richest  city  on  earth 
in  proportion  to  the  number  of  its  inhabitants,  and  we  can  be 
well  assured  that  it  took  full  toll  of  all  treasure  passing  its  portals. 
Then,  too,  the  English  lay  in  wait  by  trail  and  on  sea,  and 
Drake,  Hawkins,  Morgan  and  the  rest  played  the  part  of  the 
eagle  to  the  fishhawk,  robbing  the  latter  early  and  often  of  his 
prey.  Buccaneer  Morgan  finally  captured  the  original  city  of 
Panama,  burned  it,  butchered  many  of  its  people  and  scattered 
the  rest  into  the  jungles,  from  which  years  afterwards  they 
reassembled   and  built  the  city  of  Panama   which   now  exists, 
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and   which   is   near   the   south     end   of   the   canal    now    under 
construction. 

History  alleges  that  the  idea  of  cutting  a  shipway  across 
the  isthmus,  to  avoid  the  long  and  dangerous  passage  around 
the  Horn,  took  shape  in  those  early  days,  even  going  to  the  extent 
of  carrying  out  of  extensive  explorations  to  select  a  feasible 
route.  Be  that  as  it  may,  nothing  tangible  resulted  for  more 
than  three  hundred  years.  Possibly  this  delay  can  in  part  be 
explained  by  an  edict  which  it  is  said  that  Philip  the  Second 
promulgated,  that  of  prohibiting  any  Spanish  subject  from 
even  mentioning  such  a  project  on  penalty  of  death,  and  which 
edict,  it  is  said,  has  never  been  revoked;  and  there  are  yet 
people  who  point  to  this  law  as  a  proof  of  the  great  wisdom  of 
Philip  —  a  claim  which  each  student  of  history  can  settle  for 
himself. 

Lord  Nelson  suggested  a  canal  at  Nicaragua  in  1780,  and 
early  in  the  last  century  Baron  Humboldt  is  said  to  have  mapped 
several  routes,  one  of  which  was  over  the  line  practically  now 
adopted.  Spain  also  woke  up  again,  along  in  1820,  and  talked 
canal;  but  as  she  lost  control  of  the  isthmus  about  that  time, 
she  did  nothing.  Along  about  1840  several  of  the  Central 
American  states  tried  to  interest  Louis  Philippe  in  the  project, 
but  without  success.  The  rush  of  travel  and  business  resulting 
from  the  discovery  of  gold  in  California  in  1849  so  stimulated 
interest  that  as  a  consequence  the  Panama  Railroad  was  built 
and  opened  in  1855.  From  this  time  on  different  schemes  were 
proposed,  and  in  1879  the  French  becoming  interested,  surveys 
were  carried  on  by  Lieutenant  Wyse,  a  Frenchman  who  a  year 
before  had  secured  a  concession  from  Colombia  to  build  a  ship 
canal. 

Ferdinand  DeLesseps,  with  the  prestige  of,  and  fresh  from 
the  completion  of,  the  Suez  Canal,  took  up  the  matter,  and  a 
congress  convened  by  him  in  Paris  decided  in  favor  of  a  canal 
from  Limon  Bay  (Colon),  on  the  Atlantic  side,  to  Panama  Bay 
on  the  Pacific  side.  This  congress  also  decided  a  sea-level  canal 
should  be  the  type  to  be  built. 

Previously  to  this  time,  in  1852,  the  United  States  had 
undertaken  and  carried  out  at  spasmodic  intervals  surveys  for  a 
canal  at  Nicaragua,  and  in  1889  an  American  company  was 
formed  for  the  purpose  of  constructing  a  canal  along  the  lines 
developed  at  the  latter  place,  but  nothing  of  practical  importance 
was  accomplished  beyond  the  completion  of  surveys. 

Attention   had   also  been  called  to  what  is  known  as  the 
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Darien  Route,  some  one  hundred  miles  eastward  from  the 
Panama  Route,  and  it  has  been  thoroughly  reconnoitered,  though 
no  close  instrumental  surveys  have  been  made.  Some  features  of 
this  route  are  favorable:  There  are  fairly  good  harbors  at  each 
end,  and  it  is  the  shortest  route  across  the  isthmus  of  the  three 
which  time  and  study  have  selected  as  the  only  ones  worthy 
of  consideration;  but  its  adoption  necessitates  the  construction 
and  maintenance  of  a  tunnel  nearly  five  miles  long  —  a  proposi- 
tion which,  owing  to  its  size  and  importance  and  the  difficulty  of 
securing  an  absolutely  safe  and  sound  roof,  it  is  believed  our  best 
engineers  would  hesitate  to  endorse. 

Right  here  I  give  as  my  individual  opinion  that,  granting  an 
inter-ocean  canal  was  to  be  built,  physically,  financially,  and  for 
all  other  reasons,  and  after  all  arguments  are  balanced,  the  de- 
cision choosing  the  Panama  Route,  so-called,  was  the  correct 
one. 

In  1 881,  after  organization  and  preliminaries  had  been  at- 
tended to,  active  operations  by  the  DeLesseps  Company  —  it 
having  secured  the  Colombian  concession  from  Lieutenant 
Wyse  —  were  begun.  The  Canal  Company  purchased  the  Pan- 
ama Railroad  from  the  company  which  up  to  that  time  (1882) 
had  owned  and  operated  it.  Besides,  from  its  location,  lying  as 
it  does  not  only  along,  but  in  a  number  of  places  upon,  lands 
actually  needed  for  the  construction  of  the  canal,  and  from  its 
importance  as  an  adjunct,  as  furnishing  the  necessary  means  of 
transporting  not  only  supplies  but  waste  material  from  the  canal 
prism,  its  control  by  the  canal  builders  became  —  and  is  yet  — 
an  absolute  necessity. 

The  history  of  the  DeLesseps'  attempt  to  build  the  Panama 
Canal  is  set  forth  at  such  length  and  in  such  details  in  various 
publications  that  a  lengthy  resume  of  it  here  is  unnecessary. 

As  noted  previously,  the  original  decision  was  for  a  sea-level 
waterway;  but  as  time  went  on,  as  vast  sums  of  money  were 
raised  and  spent  without  commensurate  progress,  it  was  decided 
to  abandon  the  sea-level  idea  and  substitute  locks,  and  to  the 
trained  eye  of  an  engineer  the  history  of  those  years,  as  money 
became  harder  and  harder  to  raise,  is  plainly  written  on  the  face 
of  the  work.  First,  a  two-lock  plan  was  attempted,  then  more 
and  more  locks  were  added,  until  the  holes  in  the  ground  for 
these  locks  which  I  found  apparently  increased  in  number  as 
the  bank  account  grew  less  —  a  pathetic  story,  needing  no  words 
to  understand. 

In   1888,  the  company  broke  with  a  crash  that  attracted 
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world-wide  attention,  and  which  before  its  echoes  died  away 
dragged  many  a  name,  before  honored,  into  the  dust,  and  un- 
doubtedly hastened  DeLesseps'  death.  At  the  time  of  cessation 
of  the  work,  it  is  likely  that  more  than  $250  000  000  had  been 
spent,  and  conservatively  not  over  one  sixth  of  the  actual  work 
had  been  accomplished.  And  more  vital,  a  satisfactory  plan  to 
care  for  the  most  important,  in  fact,  the  one  prominent  engineer- 
ing feature  of  the  whole  enterprise,  the  control  of  the  Chagres 
River  and  its  tributaries,  had  not  been  solved  or  adopted. 

In  1891,  the  company  having  been  reorganized,  an  extension 
of  the  concession  was  granted  by  the  Colombian  government, 
and  work  was  again  begun,  and  continued  in  a  very  small  way  — 
just  enough  to  hold  the  concession  —  until  the  United  States 
took  over  from  the  new  French  company  all  its  property,  plant 
and  interest  in  the  project,  by  the  payment  to  it  of  $40  000  000, 
which  arrangement,  all  things  considered,  was  a  fair,  without 
being  a  great,  bargain  for  the  United  States. 

As  certain  rights  and  privileges  not  held  by  the  French 
company,  and  consequently  not  transferred  to  the  United  States, 
were  considered  necessary,  negotiations  looking  to  the  making  of 
an  arrangement  with  Colombia  were  begun,  and  after  long  delays 
a  fairly  satisfactory  treaty  was  formulated,  which,  however,  was 
rejected  by  Colombia  in  1903  —  quite  unexpectedly,  it  is  said, 
to  the  officials  of  the  United  States.  But,  by  a  curious  coinci- 
dence, shortly  after  the  rejection  by  Colombia  of  the  proposed 
treaty,  the  province  of  Panama,  an  integral  part  of  Colombia, 
seceded  from  its  allegiance  to,  and  by  one  of  those  comic  opera 
revolutions  separated  from,  Colombia,  and  set  up  an  independent 
republic  of  its  own.  How  this  was  accomplished  is  perhaps  a 
matter  of  correct  public  history  —  perhaps  not.  There  are 
critical  people  yet  who,  in  the  blindness  of  partisan  spirit,  still 
decry  the  alleged  actions  of  the  United  States  at  the  time  of  this 
revolution,  but  an  honest  judgment  would  indicate  that  this 
matter  should  be  considered  as  a  closed  incident.  Regardless  of 
any  ethical  question  involved,  there  would  seem  to  be  times  in 
political  history  when  the  principle  of  the  end  justifying  the 
means  would  apply.  Be  that  as  it  may,  the  practical  result  was 
that  the  United  States  was  enabled  to  effect  a  satisfactory  treaty 
with  the  new  republic  of  Panama,  failing  in  which  it  would  prob- 
ably have  been  forced  to  revert  to  Nicaragua,  if  it  desired  to 
build  a  canal,  as  it  had  fully  determined  to  do.  Among  other 
details  of  the  arrangement  with  Panama  was  the  payment,  under 
certain  terms,  of  $10  000  000  by  the  United  States  to  the  new 
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republic;  thus  the  United  States  obtained  a  clear  field  from  all 
parties  interested  by  the  payment  of  $50  000  000. 

Under  this  treaty  the  United  States  gained  the  sovereignty 
over  a  strip  of  land  ten  miles  in  width,  five  miles  on  each  side  of 
the  center  line  of  the  canal,  extending  from  the  usual  three-mile 
limit  in  the  Caribbean  Sea  to  the  same  limit  in  the  Pacific  Ocean 
at  Panama.  This  right,  however,  is  not  clearly  understood  by  the 
average  man:  It  is  not  a  fee  simple,  but  it  is  probably  broad 
enough  to  answer  all  purposes. 

It  grants  to  the  United  States  power  to  locate,  construct, 
maintain  and  forever  operate  a  ship  canal  connecting  the  two 
oceans,  with  ample  power  to  establish  governmental,  including 
police  and  sanitary,  regulations.  Excluded  from  the  ten-mile 
strip  are  the  two  cities  of  Colon  and  Panama.  The  power  of  the 
United  States  to  regulate  sanitary  matters,  however,  extends  over 
these  two  cities.  The  United  States  also  has  authority,  in  case  it 
becomes  in  its  opinion  necessary  to  preserve  order,  to  enter 
these  cities  with  armed  forces  and  take  possession  of  them.  The 
United  States  also  practically  guarantees  the  republic  of  Panama 
all  needed  assistance,  armed  or  otherwise,  to  enable  it  to  preserve 
its  independence. 

Since  the  occupancy  of  the  Canal  Zone  by  the  United  States, 
it  has  maintained  large  bodies  of  police  and  marines,  both  in  a 
highly  efficient  condition,  and  until  the  year  1907  kept  a  war 
vessel  in  commission  in  the  harbor  of  Panama.  There  is  little 
likelihood  of  serious  trouble,  unless  as  between  the  two  political 
parties  into  which  the  people  of  Panama  are  about  equally  di- 
vided. If,  however,  the  government  of  Panama  should  in  its 
blindness  attempt  to  seriously  antagonize  our  interests,  probably 
another  cardboard  revolution  would  curiously  enough  be  pulled 
off,  and  a  more  complaisant  government  be  set  up,  or,  as  many 
declare,  the  United  States  would  openly  assume  control  of  the 
entire  republic,  either  by  martial  law  or  by  some  form  of  terri- 
torial government.  Be  that  as  it  may,  the  situation  is  entirely 
safe,  providing  too  much  is  not  taken  for  granted.  The  ways  of 
the  Latin  Americans  are  not  our  ways,  and  the  entente  cordiale 
can  best  be  preserved  by  our  keeping  a  paving  block  close  by  to 
drop  the  hand  on  to,  in  case  ordinary  argument  should  need  a 
point. 

The  Act  of  Congress  which  authorized  the  President  to 
proceed  with  the  construction  of  the  canal  placed  almost  un- 
limited power  in  his  hands  as  to  details  of  route,  type  and  size 
of  canal,  the  chief  limiting  clause  which,  it  may  be  noted,  leaves 


1 82  ASSOCIATION   OF   ENGINEERING  SOCIETIES. 

much  to  his  judgment,  reading  as  follows:  The  canal  "  shall  be 
of  sufficient  capacity  and  depth  as  shall  afford  convenient  passage 
for  the  vessels  of  the  largest  tonnage  and  greatest  draft  now  in 
use  and  such  as  may  be  reasonably  anticipated." 

In  order  to  obtain  the  advantage  of  the  best  engineering 
advice  upon  the  many  general  problems  involved,  the  President 
appointed  a  board  of  consulting  engineers,  the  members  being 
eminent  in  their  profession,  both  American  and  European.  After 
a  visit  of  inspection  to  the  isthmus  and  due  consultation  the 
board  made  two  reports,  the  majority  one  favoring  a  sea-level 
and  the  minority  a  lock  plan,  both  reports,  however,  concurring 
in  the  other  general  features.  After  a  long  time  the  whole  matter 
was  referred  to  Congress.  The  latter  body,  after  examinations 
and  debates,  voted  in  favor  of  the  minority,  or  lock-level  plan  — 
the  one  under  which  work  is  now  being  prosecuted. 

It  would  require  very  much  more  time  than  is  now  available 
to  sum  up  even  the  various  reasons  which  I  believe  justified  the 
final  decision  in  favor  of  a  lock  canal.  I  went  to  the  isthmus  as 
chief  engineer,  rather  in  favor  of  a  sea-level  plan,  which  I  aban- 
doned after  personal  study  of  the  conditions.  As  I  had  reason  to 
believe  my  influence  was  quite  potent  in  the  decision,  I  feel  that 
this  one  service  to  the  country  is  enough  for  a  lifetime  in  helping 
to  save  the  fatal  consequences  of  a  wrong  conclusion,  as  I  know  a 
decision  in  favor  of  a  sea-level  canal  would  have  been. 

Briefly  expressed  is  an  extract  from  a  report  to  the  Canal 
Commission,  of  date  January  26,  1906,  as  follows: 

"  The  sum  of  my  conclusions  is,  therefore,  that,  all  things 
considered,  the  lock  or  high-level  canal  is  preferable  to  the  sea- 
level  type,  so-called,  for  the  following  reasons: 

"  It  will  provide  a  safe  and  quicker  passage  for  ships,  and 
therefore  will  be  of  greater  capacity. 

"  It  will  provide,  beyond  question,  the  best  solution  of  the 
vital  problem  of  how  safely  to  care  for  the  flood  waters  of  the 
Chagres  and  other  streams. 

"  Provision  is  made  for  enlarging  its  capacity  to  almost 
any  extent  at  very  much  less  expense  of  time  and  money  than 
can  be  provided  for  by  any  sea-level  plan. 

"  Its  cost  of  operation,  maintenance,  and  fixed  charges 
will  be  very  much  less  than  any  sea-level  canal. 

"  The  time  and  cost  of  its  construction  will  be  not  more 
than  one  half  that  of  a  canal  of  the  sea-level  type. 

"  The  element  of  time  might  become,  in  case  of  war,  actual 
or  threatened,  one  of  such  importance  that  measured,  not  by 
years  but  by  months  or  even  days,  the  entire  cost  of  the  canal 
would  seem  trivial  in  comparison. 


THE    PANAMA   CANAL.  183 

"  Finally,  even  at  the  same  cost  in  time  and  money  for' 
each  type,  I  would  favor  the  adoption  of  the  high-level  lock 
canal  plan  in  preference  to  that  of  the  proposed  sea-level  canal. 
"I,  therefore,  recommend  the  adoption  of  the  plan  for  an 
eighty-five-foot  summit-level  lock  canal,  as  set  forth  in  the 
minority  report  of  the  Consulting  Board  of  Engineers. 
"  Very  respectfully, 

"  Jno.  F.  Stevens,  Chief  Engineer." 

To  go  back  to  the  time  when  the  United  States  took  formal 
possession  by  purchase  from  the  French  company  and  by  treaty 
with  Panama:  This  commission,  appointed  by  the  President 
to  supervise  the  work,  proceeded  to  the  isthmus,  began  the 
work  of  organization  of  the  preliminaries  and  the  thousand 
and  one  details  naturally  pertaining  to  such  an  enterprise, 
under  the  conditions  of  a  tropical  climate.  The  mention  of  the 
latter  condition  brings  us  directly  to  the  underlying  important 
feature  of  sanitation  and  the  consequent  good  health  of  em- 
ployees without  which  nothing  but  failure  could  result. 

Probably  no  spot  on  earth  previously  to  the  year  1906 
had  —  and  it  largely  deserved  it  - —  a  worse  reputation  for 
diseases  of  various  kinds  than  Panama.  It  will  never  be  known 
how  many  employees  of  all  colors  lost  their  lives  during  the 
French  occupancy.  Very  little  was  known  of  modern  sanitation, 
—  at  least  very  little  was  practiced  by  them,  —  and  even  if  their 
finances  had  held  out  it  is  probable  death  and  disease  would 
have  conquered  them  in  the  end.  But  by  the  knowledge  our 
army  medical  men  had  gained  in  Cuba  as  to  the  true  cause  and 
means  of  preventing  yellow  fever,  that  white  man's  scourge  of 
the  tropics  has  been  eliminated,  and  the  percentage  of  malaria 
and  malarial  fevers  has  been  reduced  more  than  one  half.  Colon 
at  the  northern,  and  Panama  at  the  southern,  terminus  of  the 
canal,  were  up  to  1907  two  of  the  most  forbidding,  dirtiest, 
and,  from  a  white  man's  point  of  view,  unhealthiest  places  on 
earth.  To-day,  they  are  and  have  been  for  more  than  four 
years  past,  especially  Panama,  cleaner  and  more  sanitary  than 
the  average  American  city;  paved  throughout,  provided  with 
modern  sewerage  and  water  systems,  they  are  at  once  a  tribute 
to  the  energy  and  intelligence  of  those  Americans  who  made 
them  possible,  and  a  standing  reproach  to  those  Americans 
who  for  the  sake  of  a  little  printed  notoriety  have  so  far  prosti- 
tuted themselves  as  to  send  forth  to  the  world  statements  which 
were  not  only  false  but  palpably  known  by  themselves  to  be 
false  when  issued. 
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Recently  I  have  noticed  in  local  newspapers  very  flattering 
comments  on  the  present  conditions  as  regards  streets,  sewers 
and  water  supply  in  Colon  and  Panama. 

These  are  all  true,  but  I  want  to  remark  in  justice  to  the 
engineers  in  civil  life  who  designed  and  built  these  works  and 
wrought  these  changes,  that  all  this  was  done  prior  to  the  advent 
of  the  army  engineers,  and  was  not  done  by  the  latter,  as  stated 
by  the  articles  in  the  press  to  which  I  have  referred. 

This  work  of  sanitation  and  municipal  improvements  in 
these  two  cities  has  cost  the  United  States  a  very  large  amount 
of  money,  which  the  treaty  provides  shall  be  repaid  after  a  long 
term  of  years,  and  there  is  a  reasonable  probability  we  shall 
be  so  repaid,  but  if  we  are  not,  the  value  of  this  work  to  us  will  be 
fourfold  of  all  that  it  cost,  in  the  health  and  life  of  our  employees. 

The  same  careful  attention  to  sanitation  has  been  given  to 
all  parts  of  the  zone  where  our  employees,  either  whites  or  blacks, 
work  or  live;  and  to-day  the  health  conditions  of  the  Canal  Zone 
are  better  than  they  are  along  lands  in  the  United  States  border- 
ing on  the  Gulf  of  Mexico,  and  it  may  be  believed  the  zone  is 
a  preferable  place  of  residence.  The  heat  is  not  intense  as  meas- 
ured by  the  thermometer,  but  the  humidity  is  excessive,  and 
without  doubt  the  climate  is  a  trying  one  on  this  account  to 
the  average  person  accustomed  to  the  high  latitudes.  This 
objection  is  provided  for,  however,  by  the  United  States  granting 
to  all  its  employees  coming  from  the  United  States  a  six-weeks' 
yearly  leave  of  absence  with  pay.  This  provision,  with  the 
practice  of  ordinary  good  habits,  will  carry  the  average  man 
along  in  good  health,  and  as  safe  as  he  would  probably  be  in  the 
United  States. 

The  Commission  at  Ancon,  near  Panama,  and  at  Colon, 
has  large  and  well-equipped  hospitals,  at  which,  free  of  charge, 
all  its  employees,  white  or  black,  are  given  the  most  modern 
medical  care  and  treatment  —  all  under  the  charge  of  experi- 
enced doctors  and  trained  nurses.  The  privileges  of  these 
hospitals  are  not  only  free  to  all  employees,  but  they  are  also 
compulsory,  and  as  a  result  from  month  to  month  the  sick  and 
death  rate  of  the  zone  per  capita  has  been  gradually  decreasing, 
until  now  it  compares  favorably  with  that  of  the  average  Ameri- 
can city.  Certain  diseases,  like  typhoid,  diphtheria,  etc.,  have 
never  been  prevalent  there,  and  as  far  as  yellow  fever  is  concerned 
it  is  now  simply  a  matter  of  the  enforcement  of  strict  quarantine 
regulations  against  other  and  less  fortunate  countries  to  keep  the 
zone  entirely  free  of  it. 
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The  government  of  the  zone  is  administered  by  the  Canal 
Commission  through  one  of  its  members  who  acts  as  civil  adminis- 
trator, having  direction  of  the  courts,  police  force,  schools,  post- 
offices,  customs  and  all  the  functions  which  go  to  make  up  a  well- 
ordered  government.  Law  and  order  are  as  well  maintained 
and  life  and  property  as  safe  as  in  well-settled  parts  of  the  United 
States.  There  are  three  circuit  court  judges  who  sitting  en 
banc  form  a  supreme  court.  All  the  judicial  and  civil  machinery 
has  thus  far  worked  smoothly,  and  it  is  believed  that  it  is  well 
adapted  to  serve  the  purpose  for  which  it  is  created. 

The  length  of  the  proposed  canal,  from  deep  water  to  deep 
water,  will  be  about  fifty  miles,  the  width  varying  as  below, 
these  widths  as  noted  being  at  the  extreme  bottom  of  the  canal 
sections.  From  the  Caribbean  Sea,  near  Colon,  1  000  ft.  for 
about  seven  miles  to  Gatun  Dam  and  Locks ;  from  Gatun  Locks 
a  minimum  width  of  I  000  ft.  through  Gatun  Lake  (to  be  formed 
by  the  Gatun  Dam)  over  a  distance  of  about  26  miles;  thence 
about  2  miles  of  a  width  of  500  ft.  to  the  north  end  of  Culebra 
Cut;  then  300  ft.  wide  for  about  9  miles,  to  the  locks  of  Pedro 
Miguel,  the  south  end  of  the  Culebra  Cut;  then  through  Lake 
Sosa,  some  5  miles,  1  000  ft.  minimum  width,  to  the  locks  of  La 
Boca;  then  3  miles  to  deep  water  in  the  Pacific  Ocean  with  a 
width  of  1  000  ft.  These  dimensions  are  given  in  some  detail 
as  showing  from  their  generous  proportions  that  a  fair  rate  of 
speed  can  at  all  places  be  maintained  by  ships  while  passing 
through  the  canal,  excepting  through  the  locks  proper,  which 
comprise  but  an  insignificant  portion  of  the  entire  distance. 

A  modification  of  the  plans  for  locks  and  dams  near  the 
southern  end  of  the  canal  has  been  made,  which  will  be  referred 
to  later  on. 

A  brief  study  of  the  map  will  show  that  owing  to  the  peculiar 
twist  of  the  isthmus  near  its  narrowest  part  the  actual  direction 
of  the  canal  is  not  east  and  west,  as  popularly  supposed,  but  from 
northwest  at  the  Atlantic  end,  to  southeast  at  the  Pacific  end, 
and  that,  in  fact,  Panama,  on  the  Pacific  side,  is  22  miles  east  of 
Colon,  on  the  Atlantic  side,  so  that  the  use  of  the  terms  north 
and  south  ends  of  the  canal  is  entirely  proper. 

In  formulating  the  plans  for  any  canal  at  Panama  the  one 
great  overshadowing  engineering  problem  that  had  to  be  solved 
before  success  could  be  expected  was  the  control  of  the  flood 
waters  of  the  Chagres  River  and  its  large  tributaries.  This 
river,  rising  in  the  mountains  of  the  Darien  country  some  one 
hundred  or  more  miles  east  of  the  canal,  flows  almost  directly 
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west,  thence  by  an  abrupt  turn  changes  its  course  to  the  north 
and  northwest,  emptying  into  the  Carribean  Sea  about  five 
miles  west  of  Limon  Bay,  in  which  the  canal  finds  its  northern 
terminus.  Thus  for  nearly  thirty  miles  the  canal  follows  the 
valley  of  the  Chagres  River  —  a  stream  which  fluctuates  from 
a  flow  of  600  cu.  ft.  per  sec.  in  the  dry  season,  to  nearly  no  000 
in  the  rainy  season. 

At  several  points  along  this  part  of  the  river  the  valley 
narrows,  and  at  one  point  (Gatun)  it  is  less  than  i|  miles  in 
width,  at  an  elevation  of  100  ft.  above  sea  level,  and  it  is  at  this 
point,  where  suitable  foundations  have  been  found  to  exist, 
that  the  gigantic  works  known  as  the  Gatun  Locks  and  Dam 
were  projected,  and  are  now  in  course  of  construction.  The  dam 
is  to  be  of  earth,  will  be  about  7  800  ft.  long  on  top,  100  ft.  in 
width  on  top,  and  one-half  mile  wide,  or  thick,  at  the  bottom. 
It  will  be  135  ft.  high,  and  will  contain  approximately  22  000  000 
cu.  yd.  of  material,  the  greater  part  of  which  will  be  placed  by 
powerful  hydraulic  pumps,  thus  insuring  solidity  of  construction 
that  only  nature  under  favorable  conditions  can  rival.  This 
material  will  be  clay,  with  a  very  slight  mixture  of  fine  sand, 
an  ideal  material  to  produce,  so  placed,  a  mass  comparable  only 
to  a  mountain  —  one  that  will  resist  water,  decay,  earthquake 
or  any  known  force  of  nature  or  man  within  imaginable  limits. 

The  truly  enormous  proportions  of  this  dam  were  a  conces- 
sion, and  a  lame  one,  by  the  Commission,  to  the  fancied  criti- 
cisms of  the  public  as  to  the  stability  of  a  strictly  earthen  dam. 
It  was  my  intention  always,  at  the  proper  time,  to  reduce  the 
section  of  the  dam  to  reasonable  limits,  and  I  am  pleased  to 
know  it  has  been  done,  and  the  fact  remains  that  even  now,  as 
being  built,  it  has  a  very  large  factor  of  safety,  and  will  still 
contain  a  mere  trifle  —  only  about  17  000  000  cu.  yd.  of  material. 

This  dam  will,  by  closing  up  the  valley  of  the  Chagres 
River,  form  a  lake  of  some  thirty  odd  miles  in  length,  as  measured 
by  the  main  valley,  covering  approximately  an  area  of  140 
square  miles,  really  a  vast  inland  fresh-water  sea;  the  elevation 
of  the  water  held  by  the  dam  being  normally  85  ft.  above  the 
sea-level  waters  of  the  Atlantic  Ocean,  which  will  be  brought  to 
the  locks  by  the  7  miles  of  open  1  ooo-ft.-wide  channel  men- 
tioned above.  On  other  very  high  ground,  nearly  in  the  center 
of  the  dam,  will  be  constructed  the  necessary  regulating  works 
by  which  the  height  of  the  water  in  the  lake  will  be  controlled, 
storing  it  up  for  the  dry  periods,  and  allowing  it  to  flow  gradually 
away  during  the  flood  periods,  as  conditions  may  require. 
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These  regulating  works,  and  the  main  locks  also,  will  rest 
their  entire  length  and  breadth  on  rock  —  not  earth,  not  mud, 
but  rock;  really,  a  species  of  sand  rock  sufficiently  hard  to  insure 
first-class  foundations  and  to  set  at  rest  all  fears  of  the  stability 
of  the  works.  That  the  character  of  these  foundations  is  first 
class  was  known  long  ago  to  the  people  directly  responsible  for 
them,  and  had  been  amply  proven  by  numerous  borings  and  test- 
pits;  but  to  satisfy  a  senseless  clamor  set  up  and  encouraged  by 
ignorant  critics,  the  Secretary  of  War  —  in  whose  hands  next  to 
the  President  is  the  general  direction  of  all  canal  affairs  —  took  a 
committee  of  three  of  the  best-known  and  ablest  of  our  American 
engineers  last  year  to  Gatun.  These  gentlemen,  after  a  thorough, 
personal  examination,  concurred  in  a  report  which  fully  con- 
firmed all  previous  ones  of  the  chief  engineer,  and  which  should 
have  settled  for  all  time  the  questions  raised ;  but  very  recently 
the  Commission  has  given  out  a  statement  —  quite  superfluous  — 
that  additional  borings  have  been  made,  and  that  rock  exists 
everywhere  under  the  proposed  locks,  and  a  splendid  foundation 
is  assured  —  another  case  of  the  Dutch  taking  Holland. 

The  earthen  dam  will  rest  on  a  stratum  of  impervious  clay, 
nearly  200  ft.  thick,  lying  on  the  same  kind  of  rock  that  the  locks 
will  rest  upon.  Altogether  the  foundations  of  both  locks  and 
dam  are  ideal,  and  all  notions  to  the  contrary  can  be  dismissed 
from  the  mind. 

The  control  of  the  flood  waters  of  the  Chagres  is  simple,  and 
the  plan  can  be  easily  understood  by  any  one,  whether  engineer 
or  not.  It  is  accomplished  by  the  formation  of  a  lake  into  which 
the  flood  waters  will  pour  at  such  distances  from  the  sailing 
line  of  ships  that  these  flood  waters  can  be  entirely  ignored. 
Supposing  the  Willamette  River  rose  in  flood,  and  that  the 
Columbia  River,  or  rather  its  waters,  extended  ten  miles  up  the 
Willamette,  from  thirty  to  fifty  feet  deep,  the  valley  being  from 
one  and  one-half  to  three  miles  wide.  What  effect,  then,  would 
the  flood  in  the  Willamette  River  have  on  a  ship  sailing  on  the 
Columbia,  a  mile  away  from  the  point  where  the  river  joined  the 
Columbia?  None  whatever  —  the  ship's  people  would  not  know 
that  there  was  a  flood,  unless  from  some  slight  discoloration  of 
the  water.  And  this  is  all  there  is  to  it  —  simple  of  solution,  like 
most  problems,  when  subjected  to  the  analysis  of  cold  common- 
sense,  and  a  remedy  of  like  character  applied. 

Leaving  the  lake  the  line  of  the  canal  enters  the  famous 
Culebra  Cut,  which  will  be  about  nine  miles  in  length,  and  is 
directly  through  the  backbone  of  the  Cordilleras,  —  the  water- 
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shed  between  the  Atlantic  and  Pacific  oceans.  The  mountains 
along  the  line  of  the  canal  rise  to  an  extreme  height  of  some 
i  200  ft.  above  the  sea,  and  probably  it  was  from  some  one  of 
these  peaks  that  Balboa  first  caught  sight  of  the  peaceful  ocean, 
the  waters  of  which  ripple  as  calmly  as  the  Bay  of  Naples  and 
present  a  view  at  Panama  which  for  loveliness  is  said  to  rival  it. 

The  bottom  of  the  canal  prism  in  the  Cut,  allowing  for  the 
40  ft.  of  water,  will  then  be  45  ft.  above  sea  level,  the  surface  of 
the  water  being  at  the  same  elevation  as  that  of  Gatun  Lake, 
or  plus  85.  At  the  highest  point  the  top  of  the  Cut  was  originally 
some  280  ft.  above  the  bottom,  but  the  French  dug  away  some 
120  ft.,  and  there  are  about  120  ft.  yet  to  go  down.  This  figure, 
however,  does  not  adequately  express  the  relative  amount  of 
work  to  be  done.  When  the  United  States  assumed  charge  of  the 
enterprise,  changes  in  line,  increases  in  width,  a  more  proper 
adjustment  of  slopes,  etc.,  which  were  made,  all  contributed  to 
swell  the  total  yardage  to  be  moved.  An  approximate  summary 
of  the  various  items  showed  about  70  000  000  cu.  yd.  of  excava- 
tion to  be  taken  from  the  prism  in  Culebra  Cut,  of  which  probably 
80  per  cent,  is  rock,  of  different  degrees  of  hardness,  and  this 
vast  amount  of  material  was  not  to  be  dug  out  and  placed  in 
waste  banks  immediately  alongside  of  the  excavation,  but  the 
greater  part  must  be  hauled  miles  by  railway  trains  to  find  room 
for  disposal. 

The  work  of  drilling,  of  loosening  up  by  blasting,  ready  for 
the  big  steam  shovels,  while  appalling,  was  only  one  feature; 
hundreds  of  miles  of  track  must  be  laid,  locomotives  by  the 
hundred,  cars  by  the  thousand,  and  all  the  myriad  special  ad- 
juncts of  shops  and  machinery  requisite  to  repair  and  maintain  — 
all  such  plant  had  to  be  created,  and  when  I  reached  the  zone  in 
July,  1905,  I  think  I  may  truly  say  I  faced  about  as  discouraging 
a  proposition  as  ever  presented  itself  to  a  construction  engineer. 

Passing  to  the  south  end  of  Culebra  Cut  the  locks  and  dam 
at  Pedro  Miguel  are  reached.  Here,  by  duplicate  locks,  with  a 
lift  or  drop  of  30  ft.,  as  the  case  may  be,  the  change  from  the 
85-ft.  level  was  to  be  made  to  the  level  of  Lake  Sosa,  55  ft.  above 
the  level  of  mean  tide  in  the  Pacific  Ocean.  The  plan  adopted  in 
1906  was  to  build  two  earthen  dams  at  La  Boca,  near  the  shores 
of  Panama  Bay,  closing  up  the  valley  of  the  Rio  Grande  in  pre- 
cisely similar  manner  to  the  plan  adopted  at  Gatun,  thus  forming 
a  lake  4  miles  in  length,  giving  a  minimum  depth  of  45  ft.  of 
wTater  with  a  sailing  channel  not  less  than  I  000  ft.  in  width. 
In  Sosa  Mountain  —  an  isolated  rock  butte  —  against  which  the 
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dams  were  to  rest,  two  locks  in  flight,  in  duplicate,  each  with  a 
drop  of  J27!  ft.,  were  to  be  constructed,  thus  delivering  ships 
practically  into  a] 3-mile  sea-level  channel,  leading  to  deep'water 
in  Panama  Bay  and  the  Pacific  Ocean. 

Thus  the  waterway  really  was  to  consist  of  one  stretch  of 
canal;  then  of  a  long,  wide  deep  lake  (Gatun);  then  throughout 
a  channel  (Culebra  Cut)  of  varying  widths;  then  through  a 
smaller  lake;  and  finally  through  another  channel  into  the 
waters  of  the  Pacific  Ocean.  This  was  practically  the  plan  of 
the  minority  of  the  Consulting  Board  of  Engineers,  but  was 
later  modified  to  this  extent: 

It  was  decided  to  build  the  dam  and  locks  at  the  south 
terminus  some  three  and  one-half  miles  further  inland,  and  thus 
to  extend  the  sea-level  section  up  and  through  what  has  been 
known  as  the  proposed  Lake  Sosa.  This  —  particularly  if  the 
press  accounts  are  correct  —  is  a  wise  move.  For  long  months 
I  fruitlessly  sought  by  borings  to  discover  suitable  foundations 
for  locks  and  dam  at  or  near  Miraflores,  the  point  finally  selected. 
Since  that  time,  however,  changes  in  the  plans  of  the  locks, 
having  the  effect  of  dropping  the  walls  and  bottom  of  the  same, 
have  rendered  sites  available  now  for  these  works  that  a  year 
ago  were  not  tenable;  and,  too,  it  is  an  open  question  whether 
such  changes  in  the  lock  plans,  if  not  altogether  unnecessary 
and  questionable,  have  not  added  millions  to  their  cost,  far  in 
excess  of  any  saving  in  changes  of  location,  and  have  not  added  to 
their  efficiency,  economy,  or  safety  of  operation. 

In  regard  to  this  change  the  writer  quotes  from  the  same 
report  made  by  him  to  the  Canal  Commission,  referred  to 
previously,  as  of  date  January  26,  1906. 

"  As  regards  the  plan  and  alignment  of  the  canal  at  the 
Pacific  end,  I  am  still  inclined  to  my  former  expressed  opinion 
that,  on  account  of  the  military  and  sanitary  features,  the 
location  of  all  the  locks  at  Miraflores  and  Pedro  Miguel,  instead 
of  part  of  them  at  La  Boca,  with  the  necessary  dam  at  the  same 
place,  will  be  found  more  satisfactory;  but  as  the  latter  plan 
will  cost  about  $6  000  000  less  to  construct  than  the  former 
one  I  am  ready  to  waive  my  views  in  favor  of  the  latter  plan, 
although  simply  on  account  of  the  difference  in  the  estimated 
cost  "; 

which  shows  that  the  matter  was  then  seriously  considered, 
and  that  "  there  is  nothing  new  under  the  sun." 

The  first,  or  so-called  Walker  Commission,  was  unfortunate 
in  many  ways  which  are  immaterial  here.    The  second  commis- 
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sion  - —  the  one  I  had  to  do  with  —  was  more  fortunate  in  its 
make-up,  but  it  had  its  limitations.  When  I  reached  Panama 
in  July,  1905,  conditions  could  have  been  much  worse,  but  they 
were  bad  enough.  No  real  start  at  any  effective  work  on  the 
canal  proper  had  been  made,  no  adequate  organization  had 
been  effected,  sanitary  reforms  were  really  just  beginning, 
little  new  plant  had  been  provided  and  little  that  was  absolutely 
necessary  had  been  ordered.  In  the  organization  which  existed 
no  cooperation  was  apparent,  and  no  systematic  plans,  as  far 
as  I  could  discover,  had  been  formulated  towards  the  carrying 
out  of  the  work  along  lines  promising  any  degree  of  success. 
And  ■ —  worse  than  all  —  over  and  above,  in  the  diseased  imagina- 
tion of  the  disjointed  force  of  white  employees,  hovered  the 
angel  of  death,  in  the  shape  of  Yellow  Fever,  a  number  of  cases 
of  which  were  then  prevailing,  and  from  which  several  deaths 
had  occurred.  What  many  of  the  intelligent  men  seemed  to 
expect  was  an  order  from  Washington  to  abandon  the  work 
and  go  home.  To  provide  housing  for  this  army,  to  properly 
feed,  to  instill  into  them  faith  in  the  ultimate  success  of  the 
Work,  to  weed  out  the  faint-hearted  and  incompetent,  to  create 
an  organization  fitting  to  undertake  the  tremendous  work,  and 
to  fill  its  ranks  with  the  proper  material,  was  a  task  of  heroic 
proportions.  No  one  will  ever  know,  no  one  can  realize,  the  call 
on  mind  and  body  which  was  made  upon  a  few  for  weary  months 
while  all  the  necessary  preliminary  work  was  being  planned  and 
carried  forward,  and  no  attempt  was  or  could  be  made  to  carry 
on  actual  construction  until  such  preliminaries  were  well  in  hand. 
And  the  only  gleams  of  light  and  encouragement  were  the 
weekly  arrivals  of  newspapers  from  the  States,  criticising  and 
complaining  because  the  dirt  was  not  flying. 

While  the  French  turned  over  to  us  square  miles  of  engines, 
cars,  dredges  and  tools  of  every  description,  very  few  of  them 
were  of  any  value,  and  those  that  were  used  were  only  used 
until  proper  modern  ones  could  be  substituted;  but  as  time  wore 
on,  as  new  plant  arrived  and  was  put  in  service,  as  proper  food 
and  housing  were  provided,  as  improved  health  conditions 
prevailed,  as  the  majority  saw  that  —  unconsciously,  perhaps, 
to  them  —  a  real,  effective  organization,  working  steadily  but 
surely  towards  a  definite  and  intelligent  end,  had  been  made, 
the  whole  situation  changed  for  the  better ;  and  that  the  organiza- 
tion was  effective,  the  plant  well  designed,  and  all  the  preliminary 
work  was  fairly  well  done,  is  evident  from  the  fact  that  the  con- 
struction of  the  canal  since  the  real  beginning,  with  little  addition 
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to  plant  already  in  hand  or  under  order,  or  material  change  in 
organization,  has  gone  steadily  on,  and  in  amount  has  surprised 
the  friends  and  confounded  the  enemies  of  the  enterprise. 

I  want  here  to  express  my  confidence  in  and  appreciation 
of  Colonel  Goethals  and  his  corps  of  able  assistants  who  are  in 
charge  of  this  work.  I  have  always  had  an  admiration  for  our 
army  engineers,  and  I  am  sure  if,  as  I  have  no  doubt,  the  fight- 
ing arm  of  our  country  is  equal  in  efficiency  to  the  engineering 
arm,  we  shall  all  be  very  proud  of  the  results  in  whatever  they 
may  undertake,  be  it  war  or  canal  building. 

Reference  has  been  made  to  the  importance  of  the  Panama 
Railroad  to  the  work  of  construction.  Lying  as  it  does  im- 
mediately along  the  line  of  the  canal,  it  affords  the  only 
practicable  means  for  disposing  of  the  millions  of  yards  of  waste 
material  coming  from  Culebra  Cut.  Huge  systems  of  tracks 
have  been  planned  and  laid  in  the  Cut  on  which  are  handled 
hundreds  of  work  trains  loaded  by  the  steam  shovels  with  rock 
and  earth,  these  systems  of  work  tracks  being  connected  at 
proper  intervals  with  the  main  tracks  of  the  Panama  Railroad 
over  which  the  trains  run  to  the  dumping  ground,  or  waste 
banks,  some  of  the  latter  being  15  miles  distant. 

The  rejuvenation  of  the  Panama  Railroad  was  one  of  the 
hardest  problems  that  had  to  be  met  in  getting  ready  to  push  the 
canal  construction.  It  had  but  a  single  track,  practically  no 
sidings  or  station  buildings,  a  worn-out  telegraph  line,  no  termi- 
nals worthy  the  name,  and  motive  power  and  rolling  stock  that 
were  obsolete  twenty  years  before.  While  a  fair  amount  of  new 
equipment  had  been  ordered,  little  or  nothing  had  been  done  to 
place  the  road  in  proper  shape  to  handle  the  heavy  business 
suddenly  thrown  upon  it.  Traffic,  both  that  pertaining  to  the 
canal  and  commercial,  local  and  through,  was  nearly  at  a  stand- 
still; thousands  of  tons  of  through  freight  were  piled  in  cars, 
warehouses  and  on  docks,  and  some  of  these  shipments  had  lain 
from  three  months  to  a  year  and  a  half  in  the  hands  of  the  rail- 
road company,  and  in  many  cases  even  the  shipping  papers  and 
records  of  this  freight  had  been  lost. 

All  these  congested  conditions  had  to  be  cleaned  up,  the 
road  rebuilt,  reorganized  in  its  operating  features  and  personnel, 
care  being  taken  at  the  same  time  of  a  constantly  increasing 
traffic.  All  this  was  accomplished,  so  that  the  Panama  Railroad 
in  1907  was  placed  in  a  condition,  both  from  a  physical  and 
operating  standpoint,  fit  to  compare  favorably  with  the  average 
of  our  best  American  roads. 
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The  creation  of  Lake  Gatun  necessitated  the  relocation  and 
rebuilding  of  some  forty  miles  of  the  railroad  to  place  it  above  the 
lake  level,  which  work  is  already  under  way,  and  will  be  com- 
pleted before  the  work  on  the  canal  proper  is  done.  Meanwhile 
the  road  is  handling  the  canal  business,  as  well  as  the  commercial 
business;  the  latter  was,  however,  badly  handicapped  by  the 
very  inefficient  service  of  the  Pacific  Mail  Steamship  Company, 
whose  ships  formed  the  connecting  link  between  Panama,  San 
Francisco  and  the  various  ports  of  call  along  the  Central  Ameri- 
can and  Mexican  coast. 

Among  the  great  problems  that  had  to  be  solved  was  the 
securing  and  care  of  the  vast  army  of  skilled  and  unskilled 
laborers,  the  clerical  and  supervising  forces  requisite  to  carry  on 
the  work.  The  skilled  forces  were,  and  still  are,  recruited  in  the 
United  States  by  agencies  established  here  at  various  points. 
At  first  much  difficulty  was  experienced  in  securing  the  right  class 
of  men  in  the  requisite  numbers,  owing  to  the  bad  reputation 
which  the  isthmus  bore,  and  this  trouble  was  needlessly  continued 
long  months  by  the  malicious  attacks  through  the  press  by  some 
of  our  American  writers,  whose  motives,  to  be  charitable,  can 
only  be  ascribed  to  a  morbid  desire  for  notoriety.  By  patient 
and  intelligent  efforts,  however,  the  situation  improved,  until 
four  years  ago  it  became  satisfactory,  and  to-day  the  supply  of 
first-class  material  along  the  lines  of  clerical  force  and  skilled 
labor  is  in  excess  of  the  demand.  The  high  rate  of  wages 
paid,  together  with  the  other  privileges  enjoyed  by  these 
employees,  make  employment  under  the  Commission  usually 
much  more  attractive  than  any  they  can  secure  in  the  United 
States. 

The  supplying  of  the  unskilled  labor  was  much  more  per- 
plexing and  unsatisfactory.  Practically  all  of  this  class  of  labor 
in  the  tropics  has  for  years  been  drawn  from  one  source,  —  the 
blacks  living  in  the  different  islands  in,  and  adjacent  to,  the 
Caribbean  Sea;  and  it  is  largely  from  these  islands  that  the 
present  force  of  laborers  is  recruited. 

Their  value  as  laborers,  however,  is  very  low  under  any  con- 
dition, and  I  soon  found  on  taking  charge  of  the  work  that  if  the 
canal  was  to  be  completed  within  any  reasonable  limit  of  time, 
or  expense,  some  other  source  for  obtaining  labor  must  be  de- 
veloped, not  only  to  obtain  a  better  grade  and  surer  supply,  but 
to  eliminate  the  sense  of  security  these  people  possessed  through 
the  feeling  that  they  had  control  of  the  situation  by  having  a 
labor  monopoly.     Several  plans  were  discussed  and  finally  an 
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agent  was  sent  to  Europe,  who,  after  some  delay,  succeeded  in 
directing  to  the  isthmus,  through  the  various  steamship  com- 
panies, a  stream  of  Gallegos,  the  people  living  in  the  Biscayan 
provinces  of  Spain,  Italians  and  Greeks;  so  that  for  some  time 
the  labor  situation  has  been  well  in  hand  as  far  as  numbers  are 
concerned. 

The  grade  is  low,  and  the  consequent  result  will,  of  course, 
be  a  large  increase  in  the  cost  of  the  canal  as  compared  with  what 
the  work  would  cost  if  carried  out  where  the  best  ordinary  labor 
could  be  procured.  The  negroes  are  paid  ten  cents  and  the 
Europeans  twenty  cents  per  hour,  in  gold.  There  are  some 
thirty  odd  thousand  of  the  former  and  probably  six  thousand  of 
the  latter,  and  the  net  result  is  that,  taking  our  best  white  labor 
here  in  the  United  States  as  a  basis  of  comparison,  a  day's  labor, 
by  reason  of  lack  of  efficiency  of  the  blacks,  is  costing  the  United 
States  on  the  canal  work  at  least  three  and  one-half  dollars,  and 
this  will  swell  the  final  cost  of  the  canal  many  millions. 

All  employees,  white  and  black,  of  every  grade,  are  given, 
free  of  rent,  with  free  lights  and  fuel,  comfortable,  furnished 
houses.  The  task  of  supplying  all  these  wants  was  a  tremendous 
one.  While  we  took  over  from  the  French  many  hundreds  of 
houses  of  various  classes  and  capacities,  all  of  them  had  to  be 
rebuilt  and  made  sanitary,  and  in  addition  new  dwelling-houses 
and  quarters  by  the  thousands,  hotels  and  eating-houses,  hospi- 
tals, schoolhouses,  court  houses,  post-offices,  jails,  commissary 
buildings,  fire  engine-houses,  shops  and  railway  buildings  of 
every  description,  club  houses,  —  and,  indeed,  the  list  alone  is  too 
long  even  to  enumerate,  —  had  to  be  provided. 

On  the  pay-rolls  of  the  building  construction  alone,  for 
two  years,  were  carried  more  than  4000  men;  and  including 
buildings,  docks,  etc.,  there  was  used  in  18  months  by  the  speaker, 
over  80  000  000  ft.  B.M.  —  equivalent  to  nearly  6  000  carloads  — 
of  lumber,  brought  from  the  Columbia  River,  Puget  Sound  and 
the  Gulf  States. 

Then  the  problem  of  feeding  this  army,  remembering  that 
it  was  two  thousand  and  more  miles  from  its  base  of  supplies, 
was  a  great  one.  After  much  deliberation,  the  plan  of  the  Com- 
mission of  supplying  meals  to  all,  excepting  those  married  employ- 
ees who  preferred  to  keep  house  for  themselves,  was  adopted, 
and  it  has  been  and  is,  despite  criticism,  a  great  success.  Com- 
missary and  other  needed  supplies  are  sold  to  employees  under 
carefully  guarded  regulations,  generally  as  cheaply  and  in  some 
cases  cheaper  than  the  same  cost  us  right  here  in  the  United 
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States,  and  about  the  same  class  of  meals  is  furnished  in  the 
Commission  eating-houses  for  thirty  cents  as  is  served  through- 
out the  United  States  for  fifty  cents.  Of  course  there  are 
and  will  be  complaints.  There  are  complaints  in  our  five- 
dollar-a-day  hotels  here,  and  there  will  be  as  long  as  time  and 
human  nature  endure,  but  the  facts  are  as  stated.  The  record 
made  by  the  Commission  in  housing  and  caring  for  these  em- 
ployees is  one  that  can  be  pointed  to  with  pride,  and  no  one 
who  was  able  to  and  would  work  has  gone  hungry.  No  Dooley 
can  say,  as  on  another  occasion,  "  Well,  the  glorious  war  is  over, 
and  the  byes  are  starving  at  Montauk,  as  they  did  at  Tampa." 

As  to  the  length  of  time  necessary  to  complete  the  canal: 
This  depends  upon  many  conditions,  some  of  which  may  change 
so  as  to  disarrange  all  calculations.  Early  in  1895  I  went  on 
record  before  congressional  committees  to  the  effect  that  the  work 
should  be  done  and  the  canal  opened  by  January  1,  191 5,  and 
I  still  hold  this  opinion.  As  before  stated,  the  limiting  factors 
are  Gatun  Locks  and  Culebra  Cut.  No  night  work  has  yet  been 
done  at  either  place;  at  Culebra,  while  it  is  possible,  it  is  not 
advisable;  conditions  are  not  such  that  economical  night  work 
there  is  practicable,  nor  is  it  necessary.  But  the  past  rate  of 
progress  in  Culebra  Cut  cannot  be  maintained  during  the  removal 
of  the  lower  part  of  the  prism  for  several  reasons,  but  two  to 
two  and  one-half  years  should  be  ample,  and  it  is  believed  that 
the  locks  and  dam  at  Gatun  can  be  built  in  that  time.  They 
might  be,  by  working  night  and  day;  which  plan  will  probably  be 
pursued.  Conservatively,  then,  allowing  proper  time  for  con- 
tingencies, two  to  three  years  more  should  see  the  canal  in 
operation. 

You  hear  much  from  time  to  time  about  slides,  and  the 
probability  of  the  completion  of  the  canal  being  delayed  by  them. 
While  these  slides  are  large,  and  under  ordinary  circumstances 
would  be  formidable,  they  really  offer  but  very  little  menace 
owing  to  their  comparatively  small  size  as  compared  to  the 
volume  of  the  work.  I  do  not  suppose  from  my  knowledge  of  the 
situation  that  they  will  amount  to  three  per  cent,  of  the  total 
volume  of  the  cut,  and  there  is  not  the  slightest  reason  to  think 
they  will  prove  anything  but  a  slight  addition  to  the  cost  of  the 
work. 

Now,  as  to  its  probable  cost:  All  estimates  are  guesswork, 
based  upon  experiences  gained  under  conditions  similar  to  the 
ones  under  consideration.  Without  entering  into  the  various 
discussions  of  previous  or  present  time,  I  believe  that  the  estimate 
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of  $360  000  000,  recently  made  by  Colonel  Goethals,  will  fully 
complete  the  canal,  as  well  as  cover  the  cost  of  necessary 
adjuncts,  such  as  government,  sanitation,  etc.  However, 
changes  in  lock  plans,  as  before  mentioned,  have  added  millions 
to  the  cost,  and  should  not  have  been  adopted,  unless  for  better 
reasons  than  have  yet  been  set  forth  publicly.  In  any  case  it 
may  be  taken  as  true,  if  any  previous  estimates  of  the  cost  of  the 
lock  type  are  proven  to  be  too  low,  as  based  on  original  plans, 
that  it  is  absolutely  certain  that  estimates  of  the  cost  of  a  sea- 
level  canal  would  have  proven  also  to  have  been  too  low,  to 
a  very  much  more  marked  extent. 

The  most  practical  questions  of  all  to  be  considered,  and 
the  correct  answers  to  which  time  only  can  give,  are:  Of  what 
benefit  will  this  canal  be  to  the  people  of  the  United  States,  who 
are  mortgaging  themselves  to  pay  for  it?  and,  Will  it  pay, 
measured  in  dollars  and  cents? 

Taking  then  the  two  values,  the  military  and  the  commercial : 
As  far  as  the  former  is  concerned,  it  undoubtedly  will  be  of  great 
value,  but  not  to  the  extent  hastily  assumed.  If  the  United 
States  is  to  retain  its  place  among  the  first-class  powers,  nothing 
appears  to  be  clearer  than  that  it  must  be  as  well  armed  as  its 
neighbors;  when  they  disarm,  then  we  can,  and  not  until  then. 
Peace  conferences  are  all  right  theoretically,  but  so  far  no  evi- 
dence has  been  given  that  anything  of  value,  as  looking  towards 
permanent  peace,  has  evolved  from  them.  Indeed,  the  last  one 
at  The  Hague,  to  judge  from  reports,  should  rather  have  been 
named  a  "  war  conference,"  as  it  dealt  mostly  with  ways  of 
amending  the  existing  rules  so  as  to  enable  war  to  be  made  more 
easily.  The  United  States  must  then  maintain  a  big  navy,  and, 
it  is  believed,  two  of  them,  one  on  the  Atlantic  and  one  on  the 
Pacific  Ocean. 

Nations  nowadays  when  intending  to  go  to  war  do  not 
publish  their  intentions  and  wait  for  proposals;  they  begin  to 
fight  and  declare  war  later  on,  as  witness  the  recent  Japanese- 
Russian  fracas.  As  David  Harum  said,  "  Find  out  what  the 
other  fellow  is  going  to  do  to  you,  and  do  it  to  him  first  "  will 
be  the  policy,  and  this  view  is  emphasized  when  yearly  it  becomes 
more  evident  that  the  future  great  international  wars  will  be 
fought  on  sea  and  not  on  land. 

With  the  Panama  Canal  completed  it  will  take  a  modern 
war  fleet  moving  as  a  unit  at  least  seventeen  days  to  steam  from 
Hampton  Roads  to  San  Francisco,  or  vice  versa;  and  seventeen 
days  is  a  long  time  to  wait  when  13-in.  shells  are  mussing  up 
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one's  front  yard.  No,  the  idea  that  a  navy  can  be  thrown  from 
one  ocean  to  another,  like  a  hot  potato  from  hand  to  hand,  does 
not  appeal  to  a  practical  mind,  and  I  believe  that  a  navy  to  be 
of  value  must  be  somewhere  in  the  immediate  vicinity  of  the 
trouble,  which  will  come  quickly  if  it  comes  at  all. 

And,  too,  as  it  is  the  improbable  that  generally  happens  at 
such  times,  supposing,  in  case  of  war  with  some  of  our  Oriental 
neighbors,  that  the  enemy's  warships  should  quietly  elude  our 
one  wandering  tramp  fleet,  somewhere  in  the  vast  expanses 
of  the  Pacific  Ocean,  and  they  should  capture  the  Panama 
Canal,  and  get  control  of  our  coal  supply,  and  war  materials. 
The  people  of  our  eastern  coast  have  had  one  vision  of  a  hostile 
fleet  playing  hide-and-seek  on  the  Atlantic,  and  if  memory 
serves  correctly,  their  feelings  and  actions  at  the  time  did  not 
indicate  that  they  are  anxiously  looking  for  a  similar  experience. 
No,  rest  assured,  our  expenditures  for  a  proper  military  program 
will  not  be  lessened,  but  will  rather  be  largely  increased  by  the 
Panama  Canal,  and  the  necessity  for  fully  protecting  it  in  time 
of  war,  by  naval  as  well  as  by  land  defenses. 

The  late  Congress,  after  detailed  debate,  approved  the 
policy  of  canal  fortification,  and  the  initial  appropriation  for 
the  work  was  granted.  It  is  to  be  hoped  the  work  will  be  thor- 
oughly done,  and  the  great  thoroughfare  be  placed  without 
question  beyond  any  probability  of  successful  attack,  regardless 
of  peace  compacts. 

The  question  of  the  commercial  value  of  the  canal  to  the 
United  States  is  one  upon  which  individual  judgment  will  vary 
greatly.  Without  assuming  to  take  decided  ground  either 
pro  or  con,  it  may  be  pertinent  to  call  attention  to  a  few  points 
that  seem  to  bear  directly  on  the  matter,  and  which  may  at  least 
serve  to  give  food  for  thought  to  those  who  may  be  interested. 

No  exact  records,  of  course,  exist,  but  as  nearly  as  can  be 
determined  not  more  than  5  per  cent,  of  the  population  of  the 
world  live  south  of  the  equator,  and  not  over  if  per  cent,  live 
in  South  America  west  of  the  Andes  Mountains,  and  the  great 
majority  of  these  are  people  whose  wants  are  primitive  and 
whose  products  are  insignificant.  The  great  bulk  of  the  people 
of  South  America  live,  and  always  will,  east  of  the  Andes,  in 
Brazil,  Argentine  Republic,  Uruguay  and  Paraguay,  and  all 
these  people,  both  east  and  west,  are  bound  by  ties  of  race,  of 
family,  of  business,  to  Europe;  and  east  of  the  Andes  Mountains 
the  traffic  will  gravitate  as  surely,  by  reason  of  the  immense 
navigable  rivers  and  by  the  systems  of  railway  now  being  con- 
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structed,  toward,  and  to,  the  Atlantic  Ocean,  as  an  apple  drops 
from  a  tree  to  the  ground. 

We  need  no  Panama  Canal  to  give  us  the  cream  of  the  busi- 
ness from  Venezuela,  the  Guianas,  Brazil,  the  Argentine  Republic 
—  do  we  get  it?  No.  To-day,  if  you  want  to  go  to  Brazil,  or 
any  country  south  of  there,  you  will  go  first  to  some  European 
port  and  take  a  ship  from  there  to  your  destination.  There 
is  a  vast  empire  which  covers  southern  Ecuador,  eastern  Peru, 
all  of  Bolivia  and  western  Brazil ;  probably  1  000  000  square 
miles  in  extent;  unsurpassed  in  timber,  mineral  and  agricultural 
wealth,  and  all  practically  lying  in  the  watershed  of  the  Amazon. 
This  river  is  navigable  by  ocean  ships  to  the  heart  of  this  country, 
and  by  light-draft  vessels  to  the  very  foot-hills  of  the  Andes 
Mountains.  Railways  already  projected  can  and  will  be  built 
eventually  on  water  grades  to  connect  with  the  heads  of  naviga- 
tion on  numerous  streams,  and  the  millions  of  tons  of  the  prod- 
ucts of  this  now  virgin  wilderness  will  drop  down  the  Amazon 
by  the  cheapest  form  of  transportation,  and  will  have  the  world 
for  a  market.  Nor  can  this  business  be  forced  up  and  over  the 
high  summits  of  the  Andes  Mountains  to  find  shipping  at  the 
western  South  American  ports.  Traffic  moves  along  the  lines 
of  least  resistance,  and  only  a  temporary  violation  of  natural 
laws  can  change  what  appears  to  be  written  as  the  future,  the 
greater  part,  of  South  American  commerce. 

By  reason  of  the  canal  we  can  expect  nothing  from  Africa, 
little  from  Australia,  and  from  the  few  scattered,  insignificant 
(from  a  traffic  standpoint),  coral  islands  in  the  South  Pacific 
Ocean.  What,  then,  is  left  us?  The  trade  between  the  two  coasts 
of  the  United  States;  that  of  Hawaii,  the  Philippines,  China 
and  Japan.  Now,  what  are  we  going  to  sell  these  latter  people, 
and  what  will  they  buy  from  us  that  will  be  routed  through  the 
canal? 

Coal?  We  hardly  mine  enough  now  to  keep  our  factories 
and  railroads  going  and  our  houses  warm  —  and  besides,  our 
great  undeveloped  coal  resources  lie  nearer  to  the  Pacific  Ocean 
than  they  do  to  the  Atlantic  or  Gulf  of  Mexico. 

Wheat?  By  ten  years  from  now,  with  one  half  of  the  usual 
yearly  increase  in  our  population,  unless  we  greatly  improve  our 
methods  of  agriculture,  not  one  bushel  of  wheat  will  be  exported 
from  the  United  States;  if  it  is,  it  will  go  by  the  way  of  our 
Pacific  ports. 

Lumber?  This  is  a  point  I  touch  upon  with  diffidence, 
because  of  the  intense  local  interest  in  lumber,  and  the  expecta- 
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tions  which  have  been  raised  by  the  belief  of  lower  rates  and 
enlarged  market,  consequent  upon  the  opening  of  the  canal. 
"  When  doctors  disagree,  who  shall  decide?  "  A  very  successful 
merchant  and  lumberman  in  the  Gulf  States  told  me  that  the 
trade  of  New  Orleans,  Mobile,  etc.,  would  be  vastly  increased 
when  he  and  his  neighbors  could  ship  lumber  via  the  canal  to 
the  west  coasts  of  Central  America  and  the  United  States.  As 
railroad  men  would  say,  this  looks  like  a  "  cross  "  haul,  or 
"  carrying  coals  to  Newcastle." 

I  believe  there  is  at  this  present  moment  lying  at  our  docks 
in  this  city  ready  to  sail,  a  ship  which  asked  for  lumber  loading 
for  New  York  in  connection  with  the  Panama  Railroad,  at  a  rate 
of  53  per  cent,  of  the  present  railroad  tariff  to  the  same  point. 
But  I  hear  she  is  sailing  with  a  load  for  canal  construction  at 
Panama,  and  nothing  for  New  York  —  why,  I  have  not  learned. 

Now,  there  are  no  purchasers  of  lumber,  or  any  practical 
combination,  on  the  Atlantic  seaboard,  who  can  take  at  once  an 
entire  shipload  of  the  class  of  lumber  that  market  demands. 
To  do  so  would  require  the  carrying  of  such  enormous  stocks 
that  insurance,  depreciation  and  current  charges  would  cancel 
any  saving  in  a  cut  of  freight  tariff.  Besides,  the  class  of  lumber 
demanded  by  the  eastern  market  will  not  stand  the  long  sea 
voyage  as  deck  load. 

The  carrying  charge  plus  the  canal  tolls,  the  transfer  at 
eastern  docks  from  ship  to  rail,  will  inevitably  confine  the  zone 
in  which  delivery  of  lumber  can  be  profitably  made  via  the  canal 
to  a  narrow  strip  near  the  sea  board,  probably  less  than  three 
hundred  miles,  where  it  will  meet  all  rail  shipments  via  our 
transcontinental  lines. 

The  great  market  for  our  northwestern  lumber  will  be  in  the 
vast,  wealthy,  agricultural  and  manufacturing  basin  of  the 
Mississippi  River  and  its  tributaries,  the  purchasing  power  of 
which  probably  exceeds  that  of  any  district  of  like  extent  in  the 
world.  And  this  district  will  be  reached  by  railroads  and  not 
canals. 

What  I  have  said  in  regard  to  lumber  will  apply,  I  think,  to 
the  distribution  of  many  other  of  our  local  products.  I  believe 
the  Panama  Canal  will  be,  on  the  whole,  of  probably  more  benefit 
to  our  northwest  than  any  other  segregated  part  of  the  United 
States.  I  believe  it  will  help  it,  and  anything  that  helps  this 
country,  anything  that  develops  its  resources,  makes  it  wealthier 
and  more  powerful,  helps  the  railroads,  and  that  is  the  reason 
why  I  believe  as  I  do  as  to  the  relations  that  should  exist  between 
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canals  and  railroads  as  common  carriers.  Together  they  are 
stronger  and  of  more  potent  influence  for  the  good  of  the  country 
than  either  could  be  alone. 

Iron  and  iron  products?  China  has  iron  and  coal  to  an 
extent  at  least  equal  to  ours,  and  we  can  hardly  hope  to  compete 
with  her  in  her  own  natural  markets  in  the  face  of  her  cheap 
labor,  even  if  we  could  eliminate  the  cost  of  thousands  of  miles  of 
transportation.  Enough  is  known  of  the  immense  deposits  of 
coal  and  iron  in  China  to  warrant  the  belief  that  with  proper 
development  —  which  is  sure  to  come  —  of  her  manufacturing 
and  transportation  facilities  along  these  lines,  she  will  in  the 
future  be  able  to  control  the  markets  of  the  East,  and  possibly 
compete  with  us  right  here  at  home.  She  has  already  made 
steel  rails. 

Cotton  and  cotton  products?  Possibly  we  may  along  this 
line  develop  considerable  trade,  but  we  have  to  watch  the  cotton 
fields  of  Egypt  and  the  Indies;  and  in  the  production  of  bread- 
stuff, Siberia  will  sometime  rival  if  not  outclass  the  United  States 
and  the  Northwest  Territory  combined. 

Hawaii  will  send  us  sugar,  —  some  of  it  is  now  coming  by  way 
of  the  Tehauntepec  Railway,  recently  completed. 

What  the  Philippines  can  send  us  no  one  can  now  tell; 
possibly  lumber,  jute,  sugar  and  coffee.  So  far  they  have  given 
us  nothing  in  return  for  vast  expenditures,  excepting  a  large  and 
juicy  lemon. 

China  and  Japan  send  us  silks,  rice,  matting,  etc.,  but  thus 
far  the  ships  of  the  few  lines  that  are  plying  between  our  Pacific 
ports  and  those  of  Japan  and  China  have  been  run  at  a  loss, 
excepting  two  foreign  lines,  which  are  heavily  subsidized;  and 
altogether  the  prospect  of  enormous  shipments  to  us  from  China 
and  Japan  does  not  seem  to  be  flattering,  unless  such  shipments 
are  made  of  raw  material,  like  coal,  iron  and  lumber. 

The  center  of  population  of  the  United  States  is  already  a 
long  distance  west  of  the  Allegheny  Mountains,  and  the  cost  of 
transportation  from  the  interior  to  the  Atlantic,  and  thence  over 
the  long  route  by  way  of  Panama,  will  undoubtedly  be  more  for 
most  kinds  of  shipments  than  the  cost  directly  over  the  route  by 
way  of  our  Pacific  ports. 

And  it  must  not  be  forgotten  that  land  transportation  in  the 
United  States  has  not  come  to  a  standstill.  Our  western  rail- 
ways are  becoming  more  and  more  a  factor,  and  our  Pacific  ports 
of  greater  importance  yearly.  Our  business  will  demand,  and 
political  and  other  interests  will  give  way,  so  that  the  necessary 
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funds  can  and  will  be  secured  to  increase  the  capacity  of  the 
present,  and  to  add  new  lines,  so  that  as  the  production  of  our 
factories,  our  fields  and  our  mines,  increases,  so  will  the  means  of 
transportation  multiply,  and  the  cost  decrease,  from  the  interior 
to  the  Pacific  Ocean. 

A  study  of  the  globe  will  reveal  that  as  comparing  the 
northern  with  the  southern  hemisphere  the  former  contains 
within  itself,  by  reason  of  its  immensely  larger  land  areas,  by  far 
the  greater  proportion  of  all  that  is  of.  material  value  in  the  world. 
The  great  majority  of  all  that  is  produced  and  of  all  that  is 
consumed  is  by  people  living  north  of  the  Tropic  of  Cancer. 
Emigration  and  traffic,  therefore,  move  largely  on  parallel  lines 
of  latitude,  and  not  of  longitude;  and  just  so  long  as  the  demand 
continues  as  it  is  now  for  faster  and  faster  transportation  of 
every  product,  whether  perishable  or  not,  whether  food  products 
or  those  of  iron,  of  copper,  of  wood,  cotton,  lumber  or  any  other, 
you  can  figure  out  for  yourselves  what  great  tonnage  the  Panama 
Canal  will  handle  in  which  the  United  States  will  be  directly 
interested. 

Unless  we  change  our  policy  the  canal  will  undoubtedly  be 
of  large  benefit  to  Europe  —  much  more  than  it  will  to  the 
United  States.  Europe  has  its  tentacles  fastened  upon  the 
trade  of  western  South  and  Central  America  —  what  there  is  of 
it.  Let  a  naked  native  appear  on  the  seashore  in  the  tropics  with 
a  canoe-load,  or  a  sack  of  cocoa,  or  of  ivory  nuts,  or  of  copra,  and 
the  chances  are  good  that  in  a  couple  of  hours  the  smoke  of  a 
German  steamer  will  show  up  on  the  horizon,  and  his  purchaser 
is  at  hand  —  one  who  does  business  his  way,  who  caters  to  his 
wants,  and  who  does  not  try  to  sell  him  a  warming-pan  when  he 
wants  a  pink  shirt  and  a  plug  hat. 

When  we  learn,  as  we  may,  that  some  form  of  reciprocity 
in-  our  commercial  laws,  some  encouragement  of  our  merchant 
marine,  such  as  is  extended  to  its  subjects  by  other  countries, 
is  a  necessity,  and  when  we  realize  —  if  we  ever  can  —  that  our 
belief  in  our  own  infallibility  and  capacity  is  not  shared  by  the 
rest  of  the  world;  when  we  find  from  bitter  experience  that 
conceit  is  not  the  only  valuable  asset  in  foreign  trade,  and  that 
some  concessions  must  be  made  to  secure  customers,  then  pos- 
sibly, in  the  distant  future,  some  of  the  millions  going  into  the 
"  big  ditch  "  will  come  back  to  us,  and  the  generations  to  come 
will  grant  to  our  memories  the  tribute  of  great  foresight. 

Assuming  the  correctness  of  the  late  estimate,  the  cost  of  the 
canal,  exclusive  of  the  interest  charge  during  construction,  will 
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be  $360000000;  the  yearly  interest  on  this  amount  at  three 
per  cent,  will  be  $10  800  000.  Add  to  this  the  cost  of  operation 
and  maintenance,  which  has  been  figured  at  various  times  at 
about  two  and  one-half  millions,  also  a  sinking  fund  of  twelve 
million  dollars  yearly  to  provide  at  the  end  of  thirty  years  an 
amount  sufficient  to  retire  the  bonds. 

Thus  we  shall  have  a  charge  of  $25  300  000  to  be  met  by 
gross  earnings  which  can  come  from  only  one  source,  that  of 
tolls  of  passing  traffic.  The  Suez  Canal  was  thirty-six  years  in 
attaining  a  yearly  traffic  of  11  160  000  net  tons.  This  amount  of 
traffic  applied  to  the  Panama  Canal,  with  a  rate  of  toll  of  $1.50 
per  ton,  the  highest  rate  yet  suggested,  would  give  a  gross  yearly 
revenue  of  $16  740  000,  —  $8  560  000  less  than  enough  to  meet 
fixed  and  operating  charges  in  its  thirty-sixth  year. 

The  Suez  Canal  opened  in  1870,  showing  a  net  tonnage  the 
first  year  of  400  000,  which  gradually  increased  in  thirty-six 
years  to  1 1  160  000  net  tons  in  1906  (by  net  tonnage  is  meant  the 
actual  tonnage  on  which,  under  our  rules  of  measurements,  tolls 
would  be  collected).  This  would  give  an  average  for  the  thirty- 
six  years  at  Suez  of  5  300  000  tons. 

Assuming,  however,  that  the  increase  in  tonnage  at  Panama 
would  be  fifty  per  cent,  more  than  actually  occurred  at  Suez, 
then  the  yearly  average  tonnage  at  Panama  would  be  eight 
million  tons,  which,  at  $1.50  per  ton,  would  amount  to  twelve 
million  dollars  yearly  earnings  at  Panama,  which,  taken  from 
$25  300  000,  the  theoretical  yearly  charges  shown  above,  would 
leave  a  yearly  deficit  at  Panama  of  $11  300  000,  which  deficit  in 
thirty-six  years  would  amount  to  $406  800  000,  or  $46,000,000 
more  than  the  original  cost  of  the  canal ;  or,  putting  it  another 
way,  in  thirty-two  years  we  shall  have  been  at  the  expense  of 
rebuilding  the  canal. 

It  is  understood,  of  course,  that  a  refunding  instead  of  a 
retirement  of  the  bonds  at  their  maturity  would  eliminate  the 
necessity  for  a  sinking  fund.  But  on  the  other  hand  the  assumed 
tonnage  is  undoubtedly  too  high,  as  is  also  the  assumed  rate  of 
toll.  It  has  been  suggested,  and  with  many  arguments  in  its 
favor,  that  American  ships  be  given  free  passage.  If  our  mer- 
chant marine  is  ever  to  be  re-established,  it  must  be  given  some 
encouragement. 

A  direct  subsidy  is  not  likely  to  meet  with  popular  approval, 
and  free  canal  passage  would  be  subsidy  in  an  indirect  form. 
The  Suez  Canal  cost  less  than  $100  000  000,  and  costs  little  to 
operate  and  maintain,  owing  to  its  peculiar  topographical  features 
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and  the  dry  climate,  so  it  pays  commercially.  Its  tolls  are  high, 
but  the  very  nation  which  owns  its  shares  subsidizes  its  ships, 
and  thus  indirectly  gives  them  free  or  reduced  tolls,  and  I  think 
that  such  a  policy  would  be  a  good  one  for  the  United  States  to 
adopt  at  Panama. 

There  is,  however,  a  value  in  the  Panama  Canal  to  the 
United  States,  over  and  beyond  its  military  and  commercial 
value.  The  republics  of  South  America  are  rapidly  assuming  a 
commanding  position  among  the  nations  of  the  world,  and  in 
order  that  the  United  States  may  profit  socially  and  commercially 
by  natural  intercourse  with  these  republics  we  must  take  such 
steps  as  will  impress  upon  them  as  well  as  upon  the  balance  of 
the  world,  the  fact  that  we  are  a  great  nation  and  will  become 
greater  and  greater  as  time  goes  on.  The  formation  of  the 
Bureau  of  American  Republics,  with  which  organization  you  are 
doubtless  well  acquainted,  has  been  a  long  step  in  the  direction 
of  a  close  social  and  commercial  amalgamation  between  the  two 
American  continents,  and  the  building  of  the  canal  by  the  United 
States  is  bound  to  add  still  further  to  our  prestige  with  the  South 
American  people. 

If  the  United  States  had  not  built  the  Panama  Canal, 
some  European  nation  would,  or  at  least  would  have  tried  to 
do  so,  and  the  so-called  Monroe  Doctrine  would  have  come 
still  more  forcibly  to  the  front  in  the  future  than  it  has  in  the 
past.  And  with  our  world-wide  expanding  interests,  which  have 
taken  on  in  the  last  few  years  such  great  development,  it  would 
seem  that  the  construction  of  the  canal  by  the  United  States 
had  been  forced  upon  us,  and  whether  it  pays  or  not  in  terms  of 
dollars  and  cents,  it  will  pay  as  a  matter  of  sentiment.  It 
has  been  well  planned,  is  being  well  and  honestly  built,  and  I 
believe  the  verdict  of  the  future,  to  which  all  of  our  acts  must  be 
submitted,  will  be  that  its  conception  and  execution  were  for  the 
best  interests  of  our  great  and  expanding  country. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  January  1,  1912,  for  publi- 
cation in  a  subsequent  number  of  the  Journal.] 
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Editors  reprinting  articles  from  this  Journal  are  requested  to  credit  the  author,  the  Journal  of 
the  Association,  and  the  Society  before  which  such  articles  were  read. 
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ECONOMICAL  DESIGN  OF  REINFORCED  CONCRETE  BEAMS.* 

(R 

By  R.  B.  Ketchum,  Member  Utah  Society  of  Engineers. 


[Read  before  the  Society,  December  20,  19 10.] 

In  the  Transactions  of  the  American  Society  of  Civil  Engi- 
neers, June,  1906,  page  253,  John  S.  Sewell,  M.  Am.  Soc.  C.  E., 
wrote  an  article  on  the  economical  design  of  reinforced 
concrete  floor  systems,  and  this  article  with  the  discussion 
following  is  about  all  the  literature  on  the  above  subject  that  I 
have  been  able  to  find.  However,  the  Engineering  News,  1907, 
Vol.  I,  pp.  203,  329,  215,  245,  686,  also  gives  some  information 
on  the  subject. 

Rectangular  Beams. 

In  the  following  we  use  the  straight  line  formula  and  the 
nomenclature  as  recommended  by  the  Joint  Committee  on 
Concrete  of  the  American  Society  of  Civil  Engineers,  the 
American  Society  for  Testing  Materials,  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association  and  Asso- 
ciation of  American  Portland  Cement  Manufacturers. 

*  For  copies  of  tables  and  diagrams  here  referred  to  but  not  reproduced 
in  this  article,  also  further  elaboration  of  the  subject  by  the  author,  the 
reader  is  referred  to  the  School  of  Mines,  University  of  Utah,  by  which  the 
above  will  be  published  in  the  form  of  a  bulletin  early  in  1912. 
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Nomenclature. 

fs  =  tensile  unit  stress  in  steel. 

/c  =  compressive  unit  stress  in  concrete. 

Es  =  modulus  of  elasticity  of  steel. 

Ec  =  modulus  of  elasticity  of  concrete. 

n   =  ES  divided  by  Ec. 

M  =  moment  of  resistance  or  bending  moment  in  general. 

A  =  steel  area. 

b    =  width  of  beam. 

d   =  depth  of  beam  to  center  of  steel. 

k    =  ratio  of  depth   of   neutral   axis  to  effective  depth,   d. 

j    =  ratio  of  lever  arm  of  resisting  couple  to  depth,  d. 

jd  =arm  of  resisting  couple. 

p  =  steel  ratio  (not  percentage)  = — • 

bd 


"* 


^ 


n 


Fig.  i. 


For  position  of  neutral  axis. 


k=  \2pn-\-{pn)2  —  pn. 

Arm  of  resisting  couple, 

j=i-\k, 

W:     f-nf°\    f*Tr      A        f-    M   . 
2pf    J*~  2  \SprT          J  '    /s    pjbd?' 

2M 

U~jkbd2 

A     i           i 

2  fBfft 


fe\nfe 


+  1 


(I) 

(2) 

(3) 
(4) 


To  determine  the  economical  amount  of  steel  to  use  in  a 
rectangular  beam  we  make  the  following  assumptions : 
i.  Weight  of  concrete  equals  150  lb.  per  cu.  ft. 
2.  Cross  section  of  beam  is  constant  throughout  its  length. 
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3.  Uniform  load  on  the  beam. 

4.  The  depth  of  beam  is  fixed  by  such  considerations  as 
general  proportions  to  resist  shear,  allowable  clearances  for 
head  room,  etc. 

5.  The  value  of  11=15  is  used  throughout. 

In  order  to  facilitate  the  design  of  beams  of  various  spans 
and  various  percentages  of  steel,  we  have  constructed  a  double 
set  of  tables  showing  the  safe  net  uniform  load  in  pounds  for 
beams  one  inch  wide,  the  main  body  of  the  tables  being  based 
on  M  =  \Wl,  and  the  upper  figures  being  for  M=i„Wl. 
Tables  1  and  2  are  examples  of  tables  of  the  first  set,  which  are  for 


TABLE  1. 
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maximum  unit  stresses  of/B  =  I5  000  lb.  per  sq.  in.  and/c  =  6oo 
lb.  per  sq.  in.  The  tables  of  the  second  set  are  for  maximum 
stresses  of  /s=i8ooo  and  /0  =  750.  For  values  below  zigzag 
line,  shear  exceeds  100  lb.  per  sq.  in. 
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Upon  the  above  assumptions  and  from  these  tables  we  have 
designed  a  series  of  beams  and  tabulated  the  relative  amounts 
of  materials,  and  by  applying  cost  prices  show  therefrom  the 
relative  costs  of  the  various  beams  of  equal  strength.  The 
tables  are  for  different  depths  of  beam;  Table  3,  for  12  in.  depth, 
is  an  example.  From  these  tables  we  platted  curves  showing 
the  variation  in  cost  with  percent,  of  steel,  of  which  Figs.  2,  3,  4 
and  5  are  examples. 

From  the  curves  by  using  minimum  points  we  are  able  to 
get  at  the  law  of  variation  of  the  economical  per  cent,  of  steel 
with  the  span  of  the  beam  as  shown  in  diagrams  of  which  Fig.  6 
is  an  example. 

By  interpolation  between  diagrams  of  that  type  we  are 
able  to  tabulate  as  in  Table  4,  the  economical  percentage  of 
steel  for  all  rectangular  beams  of  the  ordinary  spans  and  depths 
for  cost  ratios  of  30  and  60.  We  may  interpolate  for  other  cost 
ratios. 

Table  4  does  not,  however,  apply  to  slabs,  as  the  breadth 
of  the  beam  in  this  case  is  not  variable,  and  for  any  depth  of 
slab  the  problem  consists  in  finding  the  amount  of  steel  that  will 
carry  the  given  load,  and  there  is  no  economy  in  using  more  steel 
than  is  required  to  carry  the  given  load. 

Conclusions.  It  is  quite  clear,  from  a  study  of  the 
above  diagrams  and  tables,  that  for  certain  cost  ratios  it  is 
economical  to  use  high  percentages  of  steel  even  though  the 
unit  stress  in  the  steel  may  be  very  low.  The  steel  is  not  wasted 
by  so  doing,  as  it  has  the  effect  of  lowering  the  neutral  axis, 
thereby  utilizing  a  greater  portion  of  the  concrete;  for  example, 
note  that  in  Table  1  with  0.2  per  cent,  of  steel,  k  equals  0.217, 
and  that  in  Table  2  for  2.0  per  cent,  of  steel,  k  equals  o.53i/> 
showing  that  in  the  use  of  a  high  per  cent,  of  steel  we  use  in  this 
case  more  than  twice  the  area  of  concrete  as  compared  with  the 
low  per  cent,  of  steel. 

The  use  of  high  percentages  of  steel  also  has  the  following 
advantages : 

1 .  Decreases  the  weight  of  the  beam  very  materially. 

2.  Decreases  the  bond  stress. 

3.  As  the  dangerous  diagonal  stresses  are  a  function  of  the 
tension  and  shear  combined,  the  low  stresses  in  tension  decrease 
the  diagonal  stresses. 

4.  Low  working  stresses  in  the  steel  provide  a  greater  margin 
of  safety  against  emergencies,  as  it  has  been  shown  by  Professor 
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Talbot  and  others  that  with  less  than  1.5  per  cent,  of  steel  we 
cannot  expect  to  develop  the  full  strength  of  the  beam. 

5.  High  unit  stresses  in  the  steel  always  call  for  large  def- 
ormations, which  in  turn  will  cause  the  small  cracks  which  are 
described  by  all  the  experimenters  to  open  wider  than  the)'  would 
with  low  steel  stresses,  thereby  increasing  the  possibility  of 
corrosion  of  the  steel. 

6.  Low  deformations  in  the  steel  would  also  necessarily 
give  low  deflections  for  the  entire  beam,  which  would,  of  course, 
be  desirable. 

In  regard  to  conclusion  No.  1,  we  may  say  further  that  the 
dotted  line  shown  on  each  of  the  diagrams  of  the  type  of  Figs. 
2,  3,  4  and  5  shows  the  variation  of  the  weight  of  the  beam  with 
the  per  cent,  of  steel.  For  example,  on  Fig.  5,  a  beam  12  in. 
deep,  span  20  ft.,  with  1.0  per  cent,  of  steel,  will  weigh  just 
twice  as  much  as  a  beam  of  the  same  strength,  same  depth  and 
span  with  4.0  per  cent,  of  steel,  and  the  beam  with  4.0  per  cent. 
of  steel  will  be  the  cheaper,  the  most  economical  per  cent,  of 
steel  for  this  particular  beam  being  about  1.7  per  cent,  for  a 
cost  ratio  of  60. 
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Fig.  7. 
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As  it  often  occurs  that  it  is  desirable  to  make  the  depth  of  a 
beam  a  minimum  even  at  greater  cost,  we  have  thought  diagrams 
Figs.  2,  3,  4,  5,  etc.,  would  serve  as  an  accurate  guide  as  to  just 
what  effect  an  increase  or  a  decrease  in  the  depth  would  have 
making  it  necessary  to  use  more  or  less  steel  for  any  given  case 
to  carry  a  given  load.  Or  perhaps  we  should  say  these  diagrams 
show  just  what  effect  a  change  in  the  amount  of  steel  has  on  the 
total  cost.  If  we  use  a  larger  amount  of  steel  than  that  shown 
to  be  the  economical  amount  for  a  beam  of  that  span  and  depth 
we  can  see  readily  how  far  we  are  from  the  point  of  economy 
and  can  tell  what  the  ultimate  difference  in  cost  would  be. 

Slabs. 

In  order  to  get  at  the  most  economical  design  of  slabs  for 
various  loads  and  spans,  we  first  construct  diagrams  for  various 
spans  similar  to  Fig.  7,  these  diagrams  being  made  up  from  the 
information  in  tables  of  the  first  set  above  mentioned,  as  Tables 
1  and  2. 

From  Fig.  7  we  make  Table  5,  showing  the  relative  amounts 
of  material  and  relative  costs,  varying  the  depths  and  the 
amounts  of  steel  to  conform  to  a  given  load  per  sq.  ft.     For 


Fig.  8. 
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example,  for  a  superimposed  load  of  200  lb.  per  sq.  ft.  on  a  span 
of  6  ft.,  we  may  use  0.2  per  cent,  of  steel,  depth  of  7.1  in.,  or 
0.4  per  cent,  of  steel,  depth  5.1  in.,  and  so  on  to  1.2  per  cent,  of 
steel  with  a  depth  of  3.8  in. 

Tabulating  these  results  and  applying  cost  prices  we  are 
able  to  plot  the  cost  curves  as  shown  on  Fig.  8.  These  curves 
show  very  decided  minimums  for  economical  depths  for  the 
various  loads. 

In  a  similar  manner  we  have  made  diagrams  and  tables 
for  other  spans,  and  from  the  curves  similar  to  Fig.  8  we  are  able 
to  get  at  the  law  of  variation  of  economical  depth  for  the  various 
loads  and  cost  ratios.    We,  therefore,  construct  Fig.  9,  from  the 


Fig.  9. 


minimum  points  on  the  curves  of  Fig.  8.  We  apply  cost  ratios 
of  30  and  60  to  Table  5  and  similar  tables,  and  from  these  results 
find  that  the  variation  of  economic  depth  between  these  cost 
ratios  is  "slight.  The  dotted  lines  show  the  economic  depth 
curves  for  the  two  ratios  and  the  full  lines  show  the  average 
between  the    two   cost   ratio  curves.       Noting  that  we  should 
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ordinarily  want  the  depth  only  to  the  nearest  \  in.,  the  solid 
lines  would,  therefore,  be  sufficiently  accurate  for  any  cost  ratio 
between  30  and  60. 

From  curves  in  Fig.  9,  we  are  now  able  to  tabulate  the  eco- 
nomic depth  for  any  span  and  any  load.  As  these  depths  are 
taken  to  the  nearest  \  in.,  it  now  remains  for  us  to  get  the  exact 
amount  of  steel  required  to  hold  the  given  load. 

TABLE  6. 

ECOHOM/C  £>EPT/fOE5LAB  A/VE  COf?r?E5POJlDin<7 
PER  CE/YT  Or  STEEL 

LOAD  5    G     1    8    3    10   H    12  13   /4  3PAH 1/1  FEET 

25  Z.O    2.1S  Z.So  27S  3.25  3.SO  4o     45     475  S25   depf/l   in  incnes 

0.62    o.65  070    074  0-70   0.7O  O.80  078    o.82  0.80    per  Cenr of 'dee/ 

SO  225  2. SO  2.7-5"  3  25  3.75  4-2S  4.75  525   S.5     &0  - 

0-65    o.75  0.82    075  O -73   07a    O.74   0.7/    0.80    0.80  fs  ~   /5OOO-I770X 

75  2So    27^  3.2S  37S  4Z5  4.7S  5~o    S.S     60      6.5  fc  =       600- ma> 

0.65  0.73    068  0.74.  0.78.0.7s  0.10  6.11    0.37  o&s  n  —    is 

2.75    3.o       3.^0  42.5  4-S     5o      55      6-0      6.T.S    &5 


JOO 


0.6.5     0.78      0-7Z    0.7/    0.<Jo    0.85    0.8S  0.85    o.<)3    o.7o  '      Id 


/50  3.o      3.S     4.25  475  52S  S.75    6.25  6.7S    75     8.0 

0.70     0.70     0.73   0.74-  076,    078    o  80  O.B5  0.77   0.82- 


200 
300 
400 
500 


3.SO    4.ZS    4.7S   5.25  5-75  625    6.7S    775   8-5     9.25 

0.6/    <3-66    0.68   o.73  078    08/    o.<^o    0.72.   072   077 


4-25   4.75  S.2S   6.0      65      725    fl.o     J.o     10.0     l/.p 
o.7Z    o.7o    o-8°    0.75  084   o.&o    079    0.75    07a   o.t7 

4-S      S.ZS~    6.0      65"    7  25   g.O      *).&    I0.O    /AO    /2.Q 
0.7/    0.71     oil    oil    o-83    oSS  0.7s    0.78    o74  o72 

S.o      S.75  6-5    7-7-S  8.0      °l.a    10  O  //.O    12.. o 
0.6S  078    0.72.  o.7S  079   0.78  0.78  0.7C  o  73 

600  S.2S    60     70     7.7-TS75  f.S  /0-S  //-75 

0.70     <?.76    0.73    073   o.78   0.8J    086  0.77 

700  5.5      6.5      7.5     S.S     1.ZS  I07.S  l),5 

073     0.7'    0.7O    0.7)    0.80    o.Qi  076 

800  575     6.75    775    875   9.75/0.7S  I/-7S 

07s     0.75   O.75    0.75   0.8S  0.8S  0.88 

S00  to      7.0      8-0      9.0    /0-2S//.2S 

077    0.7<?    0.80    0.88  0.85  0.88 

1000  6.2S    7-25   8-5     9S   /07S  1/.7S 

0.76   0.80    o.76    087   0.8Z  0.88 

Upper    row  of T/ge/res  fives  depdn  m  //7c/?es 

lower    row  of  figures  fives  required  per  cen/ of  s fee/ 

Loot/  g/ver?  =  pounds  per  s<a.df  superimposed  food, 

/?ep/hs  given  are   /ofo/  depths    of  s/ah  =   f? 

When  f?  <f  4  ",  cenfer  of ' sfeef  is   •%'  above  botfom  ofsfab. 

.,h=or  y  4"an<f<  /o" •>       .,         •■      /"        »  

„h=-or   } /o'and <[ /?."  „      .,         *     /ij  "     »         • 

The  a&ave  depths  are   economic  depths  for  cosf  ra/zos  between  30  Sr  6&) 
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When  the  strength  of  the  slab  depends  on  the  steel,  this 
problem  leads  to  a  third  degree  equation.  When  the  strength 
depends  on  the  concrete,  we  have  the  relation  — 


6M 


&=i.5-\  2.25 


Having  the  value   of   k,   we   can   readily   get  p   from    the 
relation  — 


P  = 


k* 


211(1— k) 


p=o.oofe 
■E,=  1SOOO 


TABLE  7. 

j=o.885     k  =  o.344     11=15 

5LAB5 

(g)     TOTAL  SAFE  _i_OAI> JH  P0UJ1DS  ,  PER  .SQUARE  .FDOT.: 


Depth  in 
movies. 

Resisting 
moment 
inch  lbs- 
Win  widt 

Weight 
per  so,, 
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- 

| 1 — 

- 

spattiih  ,-Fzrr 
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h 

d" 
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-5 

F: 

_7-\ 
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Z 

'% 
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2S.4 

S4 
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£ 

3> 

2\ 
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-  IZX 
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:-4t- 

^24 

jj 
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4- 
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-Z34 
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.  .14- 
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37 

2o 

1          ^ 

: 

S 

4 
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&3S 
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-230  . 

-117 

I3t 

13 

64 

*f       424  - 

J2 

2-     . 

C> 

_J5.. 

-1132. 

-76J- 

.JI70  . 

_7Zi 

.  47fc  - 

-330 

Z34 

161 

J22. 

-8*4             .63 

43 

2&- 

7  . 

,fc 

28&B 

b%o 

ioss 

708  - 

-4°|£ 

3fco 

Z&S 

t18 

i4"\        no 

82. 

SB 

& 

7 

3"^  OS 

lOZ^3 

1VZ- 

fc-H 

-Aal 

38 1 

288  . 
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121 

17 

S 

8 
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H4.S 

!3o2 

125. 
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10 

S^ 
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II 

1% 

7S74 

14CUO 

1042 

ns- 
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3°1 

Z4t 
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10^ 
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However,  a  more  rapid  solution  of  this  problem  is  made  by 
use  of  tables  similar  to  Table  7,  from  which  we  readily  interpolate 
the  exact  amount  of  steel  required.  These  values  for  the  re- 
quired amount  of  steel  for  the  slab  of  proper  depth  are  shown  in 
Table  6. 

Hence,  we  have  in  Table  6  the  most  economical  slab  com- 
pletely designed  for  any  given  load  and  span.     Similar  tables 


ECONOMICAL  CONCRETE  BEAMS.  ar9 

could  be  made  for  unit  stresses  corresponding  to  any  desired 
specification.  However,  in  the  above  we  have  taken  no  account 
of  the  possible  saving  on  the  columns  and  girders  of  the  structure 
that  might  be  effected  by  using  somewhat  thinner  slabs  with 
more  steel,  thereby  decreasing  the  dead  load. 

T-Beams. 

When  T-beams  act  as  part  of  the  monolithic  floor,  as  is 
nearly  always  the  case,  the  slab  forming  the  flange  of  the  beam, 
the  problem  of  economical  design  is  simplified  from  the  fact  that 
the  slab  portion  of  the  beam  does  not  enter  into  the  cost  of  the 
beam.  However,  we  have  no  general  solution  for  this  problem 
similar  to  that  given  above  for  the  slabs  and  rectangular  beams. 

Considering  only  the  materials  in  the  stem  of  the  beam,  the 
cost  will  decrease  as  the  depth  increases,  but  as  it  is  usual  to 
figure  the  entire  shear  resisted  by  the  web  or  stem,  the  minimum 
area  of  stem  is  fixed  by  the  shear.  Where  clearances  for  head- 
room need  not  be  considered,  the  maximum  depth  that  should 
be  considered  would  be  that  which  gives  a  stem  approximately 
three  times  its  width  for  depth  of  stem  below  the  bottom  of  slab. 
This  would  give  the  cheapest  beam.  However,  it  is  seldom  that 
clearance  for  headroom  need  not  be  considered.  The  saving  in 
headroom  is  often  a  very  valuable  consideration,  and,  therefore, 
the  depth  is  really  fixed  and  the  beam  of  minimum  cost  is  the 
beam  with  a  minimum  cross  section  to  resist  shear  and  provide 
ample  spacing  for  the  rods. 


[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  February  1,  1912,  for  publi- 
cation in  a  subsequent  number  of  the  Journal.] 
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[Read  before  the  Oregon  Society  of  Engineers,  October  12,  191 1.] 

I  respond  with  pleasure  to  the  cordial  invitation  which 
has  been  extended  to  me  by  this  Society  through  your  active 
secretary,  Mr.  Stevens,  to  address  you  on  the  general  features 
and  possibilities  concerning  the  business  and  professional  oppor- 
tunities, especially  for  engineering  work,  which  exist  in  Chile 
and  other  South  American  countries.  It  pleases  me  to  note  here 
this  evening  the  marked  interest  shown  by  you  in  learning  more 
about  the  neighboring  twenty  Latin-American  nations  lying 
south  of  this  great  country,  which,  by  their  geographical  position 
in  the  western  hemisphere,  have  been  designated  by  the  well- 
adapted  name  of  Pan-American  Union,  which  is  also  the  title 
given  to  that  great  institution  located  at  Washington,  D.  C,  of 
which  Mr.  John  Barrett  is  director  general.  Mr.  Barrett  re- 
cently visited  this  city,  giving  out  during  the  time  of  his  visit  in 
Portland  important  and  instructive  facts  regarding  the  commer- 
cial development  of  South  America. 

At  this  time  I  will  confine  myself  to  a  talk  about  the  pos- 
sibilities for  profitable  engineering  work  in  the  country  I  have 
the  honor  to  represent  in  view  of  the  progressive  material  and 
industrial  development  now  taking  place  not  only  in  Chile,  but 
in  Argentina,  Brazil  and  Peru.  These  four  nations  chiefly  have 
been  for  the  last  few  years  the  leaders  in  construction  and  tech- 
nical work.  They  cordially  invite  the  man  of  intellectual  and 
physical  force  to  cooperate  with  them.  Former  generations 
have  been  always  earnestly  interested  in  their  national  organiza- 
tion, in  finances;  but  the  present  generation  and  the  one  to 
come  have  a  genial  task  in  encouraging  the  technical  ability  of 
every  man  coming  to  these  countries. 

The  engineering  profession  is  the  backbone  of  the  develop- 
ment of  resources  and  wealth  of  every  nation;  in  fact,  there 
could  not  be  any  material  progress  without  the  technical  knowl- 

*  Consul  of  Chile  and  Ex-Consul  of  Peru,  in  Portland,  Ore. 
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edge  of  the  physical  forces  of  nature.  An  eminent  engineer  once 
said  that  by  looking  at  the  railway  map  of  a  country  he  could 
measure  its  wealth,  its  commerce  and  its  industrial  possibilities. 
When  undeveloped  regions  or  countries  are  changing  from  wilder- 
ness to  the  comforts  of  civilization,  three  great  factors  contribute 
to  their  transformation,  —  population,  capital  and  the  energetic 
force  of  technical  ability  and  knowledge. 

Geographical  Position  and  Territorial  Extension    of 

Chile. 

The  republic  of  Chile  extends  over  more  than  thirty-eight 
degrees  of  latitude,  from  170  57'  to  550  59'  south,  along  the 
Pacific,  stretching  from  the  Samu  River  to  Cape  Horn,  occupy- 
ing a  long,  narrow  strip  of  land  between  the  Andes  mountain 
range  and  the  Pacific  Ocean,  with  a  coast  line  of  nearly  3  000 
miles  and  an  average  width  of  about  100  miles.  The  whole 
country  has  an  area  of  291  500  square  miles,  and  a  population  of 
3  449  280.  In  the  central  and  southern  divisions  of  the  country, 
agriculture,  viticulture,  apiculture  and  fishing  are  carried  on  to 
a  great  extent,  while  very  extensive  forests  furnish  a  large  variety 
of  fine  woods,  of  a  nature  too  valuable  by  far  for  ordinary  con- 
struction purposes.  Mahogany,  rosewood,  Spanish  cedar,  ebony 
and  other  cabinet  woods  are  among  the  principal  timber  products. 

Political  Organization  of  Chile. 

In  this  respect  we  will  say  that  Latin-American  countries 
have  been,  until  recently,  very  imperfectly  known  to  the  average 
man  of  North  America.  Within  recent  years  a  large  number  of 
books  have  been  written  about  South  America,  which,  unfortu- 
nately, have  not  been  of  great  use  for  the  purpose  of  making  that 
part  of  the  western  hemisphere  known  to  the  world.  Some  of 
these  books,  being  inspired  by  inaccurate  and  imperfect  knowl- 
edge of  the  subject  dealt  with,  do  not  fill  the  purpose;  others  have 
a  limited  circulation  and  frequently  contain  a  great  deal  of 
prejudice. 

The  constitutional  charter  of  the  republic  of  Chile  may  be 
said  to  contain  three  principal  classes  of  provisions: 

(1.)  Declarations  of  a  general  character,  relative  to  gov- 
ernment. 

(2.)  Declarations  relative  to  the  public  rights  enjoyed  by 
the  inhabitants  of  the  country. 
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(3.)  Declarations  regarding  the  constitution,  organization 
and  relations  of  the  different  branches  into  which  public  author- 
ity is  divided. 

Permit  me  to  say  a  few  words  upon  these  three  points;  I 
will  only  give  a  brief  summary. 

(1.)  The  declarations  of  a  general  character,  as  I  style  them, 
are  those  which  refer  to  the  form  of  government,  which  is 
popular,  representative  and  centralized;  those  which  make 
reference  to  religion,  which  is  to  be  Roman  Catholic  Apostolic; 
those  of  freedom  of  thought  and  faith;  those  which  determine 
who  are  Chileans,  those  so-called  being,  first,  those  born  within 
the  territory  of  the  republic;  second,  those  born  of  a  Chilean 
father  or  mother;  third,  foreigners  who;  having  resided  one 
year  in  the  country,  apply  for  and  obtain  a  title  of  citizen- 
ship; fourth,  those  who  have  a  special  privilege  of  naturaliza- 
tion from  Congress  by  virtue  of  eminent  services  rendered  to 
the  nation. 

(2.)  The  declarations  relating  to  public  rights  enjoyed  by 
the  inhabitants  of  the  country  assure  to  all  equality  of  rights  and 
privileges  before  the  law,  since  in  Chile  there  exists  no  privileged 
class  (nor  are  there  any  slaves,  and  once  one  treads  the  territory 
he  becomes  free) ;  equality  of  entrance  to  all  positions,  employ- 
ments and  functions  in  the  civil  service,  without  restrictions, 
terms  or  conditions,  except  those  imposed  by  law;  equitable  dis- 
tribution of  taxes,  which  are  in  proportion  to  incomes;  the  same 
distribution  of  every  kind  of  public  duties  in  accordance  with  the 
laws,  as  for  instance  the  military  service,  which  is  compulsory 
in  Chile  as  well  as  in  other  countries  of  Latin  America;  freedom 
to  stay  in  any  part  of  the  republic,  to  pass  from  one  part  to 
another,  or  to  leave  its  territory,  if  in  conformity  with  the  police 
regulations  and  without  prejudice  to  another  party,  it  being 
impossible  for  any  one  to  be  arrested,  detained  or  questioned, 
except  in  the  form  prescribed  by  law,  in  respect  of  which  the 
Constitution  lays  it  down  that  no  one  can  be  condemned  unless 
he  is  tried  fairly  under  a  law  in  effect  prior  to  the  commission 
of  the  act  upon  which  judgment  is  passed  and  by  a  court  which 
the  law  shall  have  established  beforehand. 

The  declaration  of  public  rights  establishes  likewise  the 
inviolability  of  the  domicile,  the  inviolability  of  epistolary  cor- 
respondence, the  inviolability  of  all  property  without  distinction 
as  to  whether  it  belongs  to  private  persons  or  communities, 
except  when  for  state  reasons  declared  by  a  law  the  use  or  dis- 
posal of  any  such  is  required  (in  which  case  there  shall  be  paid 
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to  the  owner  such  indemnity  as  shall  be  agreed  upon  with  him 
or  appraised  by  the  judgment  of  umpires);  likewise  the  right  of 
holding  meetings  without  prior  permission,  provided  that  they 
be  held  without  weapons  and  submitted  (in  squares,  streets  or 
other  places  for  the  public  use)  to  the  police  regulations;  the 
right  to  associate  without  permission;  the  right  of  presenting 
petitions  to  the  authorities,  provided  that  this  be  practiced  in 
terms  both  respectful  and  proper;  freedom  for  teaching;  free- 
dom to  publish  opinions  through  the  medium  of  the  press;  free- 
dom for  industries,  no  kind  of  labor  to  be  prohibited  unless  it  is 
opposed  to  good  customs,  public  security  and  health,  or  unless 
the  national  interests  shall  so  require  and  a  law  so  decree;  the 
exclusive  right  of  any  author  or  inventor  to  his  discovery  or  pro- 
duction for  the  time  that  the  law  shall  grant  to  him,  and  should 
the  latter  require  its  publication,  the  inventor  shall  be  given  the 
rightful  indemnity. 

Finally,  the  declarations  in  respect  to  Chilean  public  rights 
determine  that  free  citizens  with  a  right  of  suffrage,  which  is 
only  accorded  to  males,  shall  have  turned  the  age  of  twenty-one 
years,  that  they  can  read  and  write  and  that  their  names  are 
inscribed  on  the  electoral  registers.  The  right  to  the  suffrage  is 
suspended  for  physical  or  moral  inability  to  act  freely  and  re- 
flectively, being  in  the  condition  of  a  domestic  servant  or  being 
under  judicial  proceedings  of  some  defined  gravity.  The  right 
to  the  suffrage  is  forfeited  by  sentence  to  the  penalties  of  which 
mention  is  made;  by  fraudulent  bankruptcy;  by  being  natural- 
ized in  a  foreign  country;  and  by  accepting  appointments, 
functions  or  pensions  from  a  foreign  government  without  special 
permission  of  the  Congress;  but  in  the  last  case  rehabilitation 
may  be  obtained  through  the  Senate. 

(3.)  We  come  to  the  last  and  most  interesting  part  of  the 
Chilean  constitutional  provisions,  that  is,  those  which  refer  to 
public  authority,  the  legislative,  the  executive  and  the  judicial. 

The  legislative  power  resides  in  the  national  Congress,  com- 
posed of  two  houses,  one  of  Deputies  and  the  other  of  Senators. 
The  Constitution  begins  by  assuring  to  the  members  of  both 
chambers  inviolability  in  respect  to  the  opinions  they  express 
and  the  votes  they  record  in  the  discharge  of  their  functions. 
They  cannot,  moreover,  without  the  authorization  of  the  chamber 
to  which  they  belong,  be  accused,  proceeded  against,  or  arrested 
in  respect  to  acts  of  a  private  character. 

The  Chamber  of  Deputies  is  composed  of  members  elected 
by  the  departments  into  which  the  country  is  divided,  in  the 
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proportion  of  one  Deputy  for  each  thirty  thousand  inhabitants, 
or  excess  not  under  fifteen  thousand.  The  Deputies  are  replaced 
every  three  years,  but  those  that  have  served  are  eligible  for 
reelection.  In  order  to  be  eligible  for  election  as  a  Deputy,  it  is 
only  required  to  hold  the  right  of  voting  as  a  citizen. 

The  Senate  is  composed  of  members  elected  for  provinces, 
comprising  several  departments.  Each  province  elects  one 
Senator  to  every  three  Deputies,  and  another  one  if  there  are 
two  additional  Deputies.  Half  of  the  Senate  is  renewable  every 
three  years;  that  is  to  say,  each  Senator  continues  to  hold  office 
for  a  period  of  six  years.  To  be  eligible  for  the  senatorship,  it  is 
required  that  the  candidate  shall  be  in  full  exercise  of  citizenship, 
have  turned  thirty-three  years  of  age  and  never  have  been  sen- 
tenced for  transgression  of  the  law  punishable  by  more  than 
three  years'  imprisonment. 

The  executive  power  has  for  its  head  the  President  of  the 
republic,  of  whom  the  Constitution  says  that  to  him  belongs 
the  direction  of  the  state,  and  he  is  the  supreme  chief  of  the 
nation.  To  attain  to  that  office,  it  is  requisite  to  have  been  born 
In  Chile,  to  have  the  necessary  qualifications  to  become  a  Deputy 
and  to  be  at  least  thirty  years  of  age.  He  continues  in  the 
exercise  of  his  functions  for  five  years,  and  he  cannot  be  reelected 
for  the  ensuing  period,  but  may  be  reelected  when  another  five 
years  shall  have  expired.  His  election  is  made  by  electors 
chosen  directly  for  this  object  to  the  number  of  triple  that  of 
Deputies.  In  the  event  of  his  being  precluded  from  filling  his 
office,  he  is  replaced  by  the  Minister  of  the  Interior,  and  in  case 
the  latter  be  not  available,  then  by  one  of  the  other  members  of 
the  ministry  in  rank  of  seniority.  When  a  newly  elected  President 
is  unable  to  enter  upon  his  duties,  he  is  replaced  by  the  oldest 
Councillor  of  State,  he  not  being  an  ecclesiastic. 

Mining  Activity. 

The  most  important  part  of  the  mineral  wealth  of  Chile, 
not  as  regards  its  present  exploitation,  but  rather  as  regards  its 
duration  for  the  future,  consists  in  its  mines  of  gold,  silver,  copper, 
iron  and  coal. 

With  regard  to  the  gold  and  silver  mines,  it  is  well  known  that 
these  furnished  the  main  source  of  supplies  which  the  crown  of 
Spain  derived  from  this  and  the  other  colonies  of  America;  and 
It  is  interesting  to  note  from  the  statistics  that  the  production  of 
gold  and  silver  in  Chile  is  to-day  (as  regards  silver)  one-sixth 
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part  of  what  it  was  in  the  days  when  Chile  was  a  colony,  and  (as 
regards  gold)  hardly  the  thirtieth  part  of  what  was  obtained  in 
the  same  period.  Some  people,  in  the  face  of  these  facts,  will 
advance  but  one  explanation,  namely,  that  this  is  due  to  the 
exhaustion  of  the  mines;  but  the  fallacy  of  this  will  be  apparent 
to  any  one  who  visits  Chile.  The  gold  and  silver  mines  of  Chile- 
have  not  been  exploited  beyond  what  is  called,  in  technical 
mining  phraseology,  the  outcrops,  and  in  the  majority  of  in- 
stances not  even  this  point  has  been  attained.  The  total  output 
of  gold  from  Chile  since  the  earliest  times  when  figures  and  records 
were  kept,  for  the  period  of  some  three  hundred  and  sixty-five 
years  down  to  the  year  1909,  was  231300000  grams,  worth 
$229  000  000.  The  production  of  silver  down  to  the  end  of  1909 
in  a  total  period  of  two  hundred  and  seventeen  years  has  been 
9000000000  grams,  worth  $319600000.  But  gold  and  silver 
mines  are  not  the  most  important  that  Chile  possesses. 

Copper. 

Copper  has  been  produced  in  Chile  since  the  seventeenth 
century,  at  first  on  an  insignificant  scale,  but  increasing  until  it 
reached  its  zenith  in  1876,  from  which  year  down  to  1900  Chile 
held  the  first  place  among  the  copper-producing  countries  in  the 
whole  world.  Since  then  its  production  has  been  surpassed  by 
that  of  several  other  countries,  chiefly  the  United  States  and 
Japan.  Chile  holds  to-day  but  the  eighth  position  in  respect  of 
copper  production.  To  what  is  this  situation  due?  There  is 
eloquent  proof  of  the  reason  for  the  falling  off  in  Chilean  copper 
production.  The  total  amount  of  copper  produced  in  the  world 
is  derived  from  minerals  of  a  grade  lower  than  4  per  cent.,  while 
in  Chile  that  class  of  mineral  is  not  dealt  with.  Minerals  below 
a  grade  of  8  per  cent,  are  unmarketable  in  the  Chilean  smelting 
establishments,  unless  they  consist  of  a  fluxing  ore,  and  even 
then  it  is  the  flux  which  is  valuable,  not  the  copper.  It  should 
be  mentioned  that  the  special  merit  and  superior  demand  that 
Chilean  copper  has  in  the  general  market  for  the  metal  is  that  it 
contains  also  gold,  silver  and  other  valuable  ores,  which  have 
only  recently  received  a  separate  treatment  as  secondary  mineral 
by-products. 

The  total  output  of  copper  from  the  year  1601  to  the  end  of 
1909,  a  period  of  three  hundred  and  nine  years,  has  been  2  200- 
000  000  kilograms  of  fine  copper,  worth  $676  600  000,  and  it 
must  be  added  that  two  years  ago  —  that  is,  since  1908  —  the 
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copper  output  has  attained  to  more  than  40  000  000  kilograms 
annually,  or,  in  other  words,  has  been  doubled  in  comparison 
with  the  output  of  the  years  immediately  preceding,  which  may 
be  said  to  be  almost  wholly  due  to  the  mineral  of  Collahuasi  and 
of  Teniente,  which  are  English  and  North  American  companies 
respectively.  They  have  put  up  the  necessary  capital  for  the 
construction  of  the  railway  branches  and  the  organization  of 
the  works  in  the  form  demanded  by  an  enterprise  of  the  twentieth 
century,  and  not  in  the  way  their  Spanish  predecessors  followed 
in  the  working  of  the  greater  part  of  the  mines  of  Chile.  It  is, 
therefore,  no  exaggeration  to  say  that  copper  mining,  as  well  as 
that  of  other  precious  metals,  in  Chile  offers  a  veritable  virgin 
soil  for  the  investment  of  foreign  capital,  with  splendid  oppor- 
tunity for  mining  engineers. 

Comparative  Outline  of  Railways. 

In  my  opinion  and  in  the  opinion  of  progressive  people,  the 
railways  are  the  backbone  of  material  progress  and  advancement 
in  civilization,  so  I  will  give  you  a  comparative  outline  of  the 
railways  in  more  important  Latin-American  countries,  Mexico, 
Argentine,  Brazil  and  Chile. 

Mexico.  The  total  extent  of  the  railway  system  of  Mexico 
is  14  875  miles,  the  railway  of  Tehuantepec  being  worthy  of 
special  mention.  This  crosses  the  isthmus  of  that  name,  and  its 
freight  receipts  have  been  so  considerable  that  an  extension  of 
the  line  has  been  necessitated,  and  the  sum  of  $3  000  000  had  to 
be  spent  in  habilitating  the  Port  of  Salina  Cruz,  which  is  its 
terminus  on  the  Pacific.  This  means  of  communication  conveys 
overland  the  commerce  from  one  ocean  to  another,  and  it  is 
generally  admitted  that,  even  after  the  completion  of  the  Panama 
Canal,  its  importance  will  go  on  increasing. 

Brazil.  The  railways  of  Brazil  now  working  amount  to 
II  570  miles,  and  2  240  miles  in  construction,  which,  after  all,  is 
not  very  great  when  we  take  into  account  the  fact  that  Brazil 
alone  is  larger  than  the  whole  of  Europe,  if  we  exclude  Spain  and 
Portugal.  By  the  way,  speaking  of  geographical  areas,  I  would 
point  out  that  these  are  not  at  times  properly  understood,  in  a 
comparative  sense,  as  regards  Latin-American  countries.  It 
will  not,  therefore,  be  beside  the  point  to  remark  that  Uruguay, 
which  is  the  very  smallest  of  those  countries  and  which  by  the 
side  of  them  appears  but  a  mere  gem,  is  very  much  larger  than 
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England  and  Wales  put  together,  while  the  area  of  Chile  is  almost 
equal  to  that  of  France  and  Italy  together. 

Argentina.  The  development  of  railways  in  Argentina  has 
been  considerable.  According  to  the  figures  contained  in  a  book 
recently  published  under  the  title  of  "  Argentina  in  the  Twentieth 
Century,"  the. extent  of  the  lines  opened  to  traffic  in  the  year 
1887  was  4000  miles,  which  represented  a  capital  of  approxi- 
mately $150  000  000;  and  at  the  end  of  the  year  1908  the  railway- 
system  reached  a  total  of  13  250  miles,  representing  a  capital  of 
approximately  $850  000  000.  According  to  the  same  book,  in 
Argentina  the  value  of  land  in  1908  was  estimated  at  $2  860  000- 
000;  that  is  to  say,  the  railways  trebled  their  mileage  in  a  space 
of  twenty  years,  and  lands  increased  in  value  sevenfold. 

Railways  of  Chile. 

In  the  railway  statistics  of  Latin-American  countries,  Chile 
holds  the  fourth  place,  —  that  is  to  say,  she  comes  after  Argen- 
tina, Mexico  and  Brazil  in  mileage  of  railways.  This  may  per- 
haps sound  strange  to  those  who  know  that  Chile  was  the  first 
Latin-American  country  to  have  a  steam  railway.  The  line 
from  Caldera  to  Copiapo  (fifty  miles)  inaugurated  its  service 
on  July  29,  1851;  that  is,  prior  to  any  other  American  railway 
excepting  those  of  the  United  States. 

However,  those  who  know  the  topographical  conditions  of 
Chile  will  find  nothing  very  surprising  or  abnormal  in  her  being 
relatively  behindhand  in  comparison  with  the  other  three 
countries  referred  to.  In  these  countries  the  construction  of 
railways  is  comparatively  a  simple  matter.  It  may  be  said, 
especially  with  regard  to  Argentina,  that  it  merely  consists  in 
laying  down  the  ties  and  placing  rails  upon  them.  In  Chile, 
however,  the  variable  nature  of  the  ground  and  the  many  rivers 
have  presented  obstacles  which  can  only  be  overcome  by  dint 
of  the  most  arduous  labor  and  enormous  investment  of  capital. 

This,  in  its  turn,  furnishes  an  explanation  of  a  circumstance 
generally  known,  but  not  sufficiently  understood.  Foreign 
capital  has  been  willingly  put  into  railway  enterprises  in  the 
Latin-American  countries,  the  great  majority  of  whose  railways 
have  been  constructed  by  English  companies,  to  which  they  still 
belong;  but  this  has  not  been  the  case  in  Chile.  Here  tho1  rail- 
ways, which  belong  to  private  companies,  comprise  1  898  miles, 
the  greater  part  of  which  have  been  constructed  by  English 


228  ASSOCIATION   OF  ENGINEERING  SOCIETIES. 

companies  with  the  object  of  serving  their  properties  in  the  nitrate 
region. 

The  whole  of  the  remaining  Chilean  railways,  which  com- 
prise  i  625   miles  in  actual  working,  valued  at  approximately 
$56  750  000,  together  with  I  493  miles  in  construction  intrusted 
to  British  engineers  at  a  total  cost  of  approximately  $35  000  000, 
and  754  miles  under  survey,  —  all  these  constitute  an  enterprise 
wherein  the  Chileans  owe  much  to  the  technical  knowledge  of 
the  British  manufacturers  of  rails,  engines  and  wagons,  but  very 
little  to  the  financial  assistance  of  this  and  other  foreign  markets, 
for  the  reason  that  it  has  been  carried  through  by  the  state  of 
Chile,  with  Chilean  capital,  or  obtained  under  the  guaranty  of 
the  government  and  refunded  by  the  fruits  of  national  labor  and 
craft.     Fortunately,  that  enterprise,  which  some  have  suggested 
has  been  too  large  for  the  resources  of  the  country,  is  now,  one 
may  say,  reaching  its  goal  in  its  essential  part,  and  Chile  is  about 
to  be  connected  from  north  to  south,  and  will  be  in  communica- 
tion with  the  principal  ports  on  her  coast  by  means  of  a  system  of 
4  892  miles  of  railway.     The  most  notable  circumstances  about 
this  fact  are  the  large  proportion  of  the  lines  at  present  in  con- 
struction and  shortly  to  be  completed  in  comparison  with  the  total 
railway  lines  in  Chile,  and  their  relation  to  the  districts  which 
these  lines  traverse,  being  urban  or  rural  properties  susceptible 
of  increment  in  value  consequent  upon  the  building  of  a  railway. 
We  have  already  seen  that  in  the  Argentine  Republic  this  in- 
crease has  been  enormous,  and  in  order  to  imagine  what  it  would 
be  in  Chile  it  must  be  borne  in  mind  that  here  the  railway  trav- 
erses regions  suited  to  the  raising  not  only  of  wheat  and  cattle,  but 
of  every  product  which  can  be  reckoned  as  the  fruit  of  skilled 
cultivation  in  a  soil  extraordinarily  fertile.    In  the  districts  where 
the  railways  cross  lands  unsuited  to  agricultural  developments, 
the  barrenness  of  the  soil  is  more  than  compensated  for  by  the 
presence   of  a   subsoil   whose   mineral   deposits   are   universally 
acknowledged  to  be  among  the  richest  in  the  world. 

These  circumstances  allow  one  to  state  with  confidence  that 
the  completion  of  the  railway  system  in  Chile,  in  all  its  essentials, 
constitutes  for  the  country  an  economic  basis  of  supreme  value; 
but  still  there  are  other  circumstances  which  contribute  to  prove 
that  the  present  moment  is  perhaps  the  most  important  in  the 
economic  history  of  Chile.  It  is  only  a  few  years  since  Chile  was 
joined  to  Bolivia  by  a  railway  which  starts  from  the  port  of 
Antofagasta  (Chile)  and  runs  to  the  Bolivian  capital,  a  distance 
of  1  055  miles,  passing  over  higher  mountains  than  any  other 
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railway  in  the  world.  This  railway,  constructed  at  the  commence- 
ment by  Chilean  capital,  but  to-day  in  the  hands  of  an  English 
company,  has  been  the  chief  artery  of  the  international  commerce 
of  Bolivia,  which  from  its  inland  position  is  named  the  Switzer- 
land of  South  America.  This  railway  was  the  beginning  of  a 
policy  of  the  very  greatest  importance  for  the  commercial  inter- 
ests of  Chile,  which  is  the  union  of  its  territory  with  those  of  the 
countries  on  the  other  side  of  the  Andes,  so  as  to  afford  their 
products  an  outlet  to  the  Pacific,  saving  them  from  the  long  haul 
Avhich  otherwise  they  would  be  confronted  with  before  they 
reached  the  Atlantic.  It  is  sufficient  to  glance  at  a  map  of  South 
America  to  understand  how  much  it  meant  to  Chile  to  effect  the 
transit  of  products  which,  notwithstanding  their  coming  from 
Bolivia  or  Argentina,  obtain  a  ready  outlet  to  the  Pacific. 

The  27th  of  November,  1909,  is  a  memorable  date  in  the 
economic  history  of  Argentina  and  Chile.  On  that  day  a  British 
company,  with  the  guaranty  from  the  Argentine  and  Chilean 
governments,  completed  the  tunnel  through  Uspallata,  which  of 
all  the  tunnels  pierced  is  the  highest  above  the  level  of  the  sea. 
Thus  was  established  the  railway  communication  which  now 
renders  to  the  passengers  between  Chile  and  the  western  world 
an  analogous  facility  to  that  which  other  railways  crossing  the 
Andes  lend  to  the  Argentine  trade.  The  first  saves  the  passengers 
who  come  to  or  from  Chile  a.  considerable  portion  of  time  in  the 
journey,  and  the  second  removes  from  Argentina  a  great  deal  of 
the  expense  of  freight  and  transport.  With  this  railway  the 
voyage  between  Chile  and  the  United  States  is  no  longer  than  one 
month,  not  less  than  three  weeks;  and  it  is  not  much  longer  to  or 
from  Europe.  We  can  say  that  to-day  Chile  is  practically  the 
same  distance  from  this  country  as  Argentina,  with  addition  of 
a  few  days  to  that  from  Europe,  since  a  difference  of  thirty-six 
hours  by  train  counts  but  little  in  a  voyage  of  three  weeks,  more 
or  less. 

Up  to  the  present  time,  only  those  capitalists  have  come  to 
Chile  who  combine  their  business  pursuits  with  their  taste  for 
traveling  and  exploration.  This  perhaps  furnishes  a  reason  why 
the  largest  part  of  the  foreign  capital  invested  in  Chile  is  British, 
German,  French  and  Spanish.  It  is  undeniable  that  the  number 
of  British  commercial  houses  scattered  all  over  the  globe  is  due 
in  no  small  degree  to  that  spirit  of  travel  and  sport  which  is  so 
deeply  ingrained  in  Englishmen.  For  the  future,  business  in 
Chile  susceptible  of  development  will  be  quoted  in  a  wider 
market,  and  now  there  will  go  to  Chile  not  only  those  capable  of 


230  ASSOCIATION   OF   ENGINEERING   SOCIETIES. 

combining  business  with  a  certain  adventurous  spirit  in  distant 
countries,  but  Chile  will  become  a  field  of  investment  for  the 
average  man  of  means,  that  is  to  say,  for  all  capitalists  from  this 
and  every  other  country. 

The  railways  of  Antofagasta  and  Uspallata  are  not,  how- 
ever, the  only  international  railways  of  Chile.  In  August  of  the 
present  year  it  is  hoped  to  complete  the  Chilean  section,  and  in 
the  first  month  of  next  year  to  complete  the  Bolivian  section  of 
the  railway  from  Arica  to  LaPaz,  which  is  intrusted  to  English 
contractors  for  the  sum  of  £2750000,  or  $13750000,  and 
made  by  the  Chilean  Government  by  virtue  of  a  treaty  of 
peace  and  amity  with  the  Bolivian  Government.  This  railway 
will  have  a  length  of  350  miles  and  will  enable  the  journey  from 
LaPaz  to  Arica  on  the  Pacific  Coast  to  be  made  in  twelve  hours. 

There  is  also  a  trans-Andine  railway  at  Antuco  which  has 
some  thirty-eight  miles  in  course  of  exploitation  and  which  it  is 
hoped  will  be  concluded  at  the  end  of  this  year.  Besides  this, 
there  are  other  concessions  for  railways  which  will  cross  the 
Andes  in  regions  entirely  distinct  the  one  from  the  other,  and 
with  the  same  purpose  of  encouraging  commercial  interchange 
between  Chile  and  the  Argentine,  and  of  affording  to  the  products 
of  the  latter  a  shorter  and  cheaper  route  to  the  Pacific  than  that 
which  they  now  have  to  Atlantic  ports.  These  projected  rail- 
ways are  three  in  number:  one  from  Salta  to  Mejillones  and 
Antofagasta,  another  from  Tinogasta  to  Copiapo  and  Caldera, 
and  a  third  from  Remuco  to  join  with  Buenos  Ayres  Great 
Southern  system,  which  will  admit  of  traveling  from  Santiago, 
the  capital  of  Chile,  to  Bahia  Blanca,  the  second  Argentine  port, 
without  changing  gage. 

Water  Power. 

In  regard  to  the  importance  of  the  waterfalls  and  their 
development  in  Chile,  it  is  sufficient  to  bear  in  mind  that  the 
whole  extent  of  Chilean  territory  is  a  continuously  inclined  plane, 
down  which  the  waters  of  the  Cordillera  of  the  Andes  Mountains 
seek  their  outlet  to  the  sea  under  conditions  which  convert  them 
into  torrents  capable  of  developing  power  which  in  the  aggregate 
would  represent  many  millions  of  units.  There  are  eighteen 
large  rivers  which  cross  its  territory,  and  the  largest  number  of 
these  streams  are  navigable  rivers,  among  which  the  Bueno,  the 
Maule,  the  Cautin,  the  Bio-Bio  and  the  Valdivia  are  the  most 
important,  being  navigable  for  distances  varying  from  25  to  150 
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miles.  The  total  navigable  length  of  the  Chilean  rivers  is  about 
975  miles.  Thus  the  work  of  irrigation  is  a  relatively  simple  feat 
of  engineering  work,  for  in  the  majority  of  cases  the  only  work 
consists  of  expanding  and  branching  off  the  waters  of  the  river 
beds  and  availing  of  the  waters  that  are  at  present  lost  or  useless. 
Therefore  the  work  of  irrigation  in  Chile  consists  in  establishing 
a  system  of  gravitation  of  the  waters  and  not  in  pumping  them 
up.  This  is  for  irrigation  purposes;  but  for  public  traffic,  means 
of  communication  from  one  point  to  another,  it  is  necessary  to 
construct  substantial  bridges  and  other  improvements,  which  the 
government  is  at  present  encouraging  and  developing.  The 
government  has  over  30  bridges  of  different  types  under  con- 
struction, at  a  total  cost  of  $1  077  510  United  States  gold,  with 
35  more  under  consideration,  at  a  cost  of  $1  390  103  United 
States  gold. 

In  this  the  active  engineers  find  a  wide  field  of  opportunity. 

The  Ports  of  the  Republic. 

Chile  has  a  Pacific  Ocean  coast  line  of  more  than  3  000  miles, 
and  every  part  of  the  country  can  be  easily  reached  by  water, 
there  being  not  less  than  59  ports  in  the  republic.  Fourteen  of 
them  are  called  major  ports,  which  are  ports  of  entry  with  regular 
custom  houses,  and  on  which  the  minor  ports  are  dependent. 
The  major  ports  are  Pisagua,  Guigue,  Tocopilla,  Antofagasta, 
Taltal,  Caldera,  Carrizal,  Bayo,  Coquimbo,  Valparaiso,  Puerto, 
Mont  and  Ancud.  Punta  Arenas  in  the  Straits  of  Magellan, 
which  is  so  well  known,  is  a  free  port,  where  merchandise,  imple- 
ments, etc.,  may  be  imported  and  exported  free  of  duty. 

Chile  can  be  reached  from  New  York  by  any  of  the  three 
steamship  companies  maintaining  direct  lines:  via  Buenos  Ayres 
and  the  Cordillera,  via  Panama  and  the  West  Coast,  or  via  San 
Francisco,  Cal.,  and  the  West  Coast.  The  New  York  and 
Pacific  Steamship  Company,  the  West  Coast  Line,  run  steamers 
between  New  York  and  Chilean  ports,  occupying  from  forty  to 
fifty-five  days,  to  Valparaiso.  By  way  of  Panama  the  trip  is 
made  by  the  Panama  Railway  Company's  vessels  having  regular 
weekly  sailings  from  New  York,  then  crossing  the  isthmus,  and 
leaving  Panama  by  one  of  the  lines  plying  on  the  west  coast,  it 
being  possible  to  make  the  trip  by  this  route  in  thirty-five  days, 
at  a  cost  of  two  hundred  dollars  for  first-class  passage. 

The  opening  of  the  Panama  Canal,  which  will  take  place  in 
a  few  years,  will  make  it  more  important  to  cultivate  a  better 
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knowledge  of  the  economic  potentialities  of  the  twenty  countries 
lying  south  of  this  great  country.  The  completion  of  that 
stupendous  work  will  revolutionize  the  political  and  commercial 
relations  of  the  world;  will  show  how  near  neighbors  we  are, 
how  close  together  are  the  countries  of  this  hemisphere,  and  what 
numerous  splendid  opportunities  there  are  for  the  fearless  man 
in  the  practice  of  his  technical  profession,  as  well  as  for  men 
active  in  the  management  of  great  business  affairs.  The  com- 
mercial situation  will  be  greatly  altered  once  the  Panama  Canal 
is  opened,  for  this  will  bring  Valparaiso,  Callao  and  Guayaquil, 
respectively,  3  800,  4  400  and  7  500  miles  nearer  New  York  and 
other  North  American  ports  than  to  Europe  via  the  Magellan 
Straits. 

I  will  say  in  conclusion,  in  having  spoken  of  the  resources 
and  possibilities  of  Chile  I  have  left  out  of  the  question  the 
government  resources,  concerning  which  it  is  enough  to  say  that 
the  Chilean  Government  is  beyond  doubt  the  richest  in  Latin 
America,  when  its  assets  and  liabilities  are  compared  with  those 
of  other  governments  there. 

I,  as  a  Latin  American,  heartily  appreciate  what  our  North 
American  neighbors  have  accomplished  in  business  enterprises, 
as  well  as  in  the  progressive  march  and  commercial  development 
of  Latin  America.  The  United  States  is  the  country  of  the  world 
to  which  Chile,  as  well  as  the  other  South  American  nations,  I 
am  sure,  feel  bound  by  the  most  cordial  ties  of  true  friendship  in 
political  and  commercial  relations. 

[Note.  —  Discussion  of  this  paper  is  invited,  to  be  received  by  Fred. 
Brooks,  Secretary,  31  Milk  Street,  Boston,  by  February  1,  1912,  for  publi- 
cation in  a  subsequent  number  of  the  Journal.] 


DISCUSSION  OF  PAPER,  "  WATER  RESOURCES  OF    THE    STATE 

OF  NEW  YORK." 

(Volume  XLVII,  Page  135,  October,  191  i.) 

Prof.  H.  K.  Barrows.  —  The  state  of  New  York  has  been 
a  leader  in  the  state  investigation  of  water-power  resources, 
and  through  the  State  Water  Supply  Commission  it  has  investi- 
gated in  a  very  thorough  manner  the  possibilities  of  water-power 
development  and  of  water  storage,  and  the  Boston  Society  of 
Civil  Engineers  is  fortunate  in  being  able  to  obtain  first  hand 
from  the  consulting  engineer  of  the  New  York  State  Water 
Supply  Commission  this  interesting  paper,  which  gives  the 
salient  features  of  the  more  important  water-power  and  storage 
projects  which  have  been  under  investigation. 

Incidentally,  it  is  important  to  note  that  the  State  Water 
Supply  Commission  is  procuring  accurate  data  of  run-off  and 
precipitation  for  all  streams  which  are  likely  to  be  of  importance 
in  the  development  of  the  water-power  and  water-storage  facili- 
ties of  the  state.  In  this  way  the  Commission  is  laying  a  sound 
basis  for  the  planning  of  the  various  projects,  and  it  has  even 
in  the  few  years  that  have  elapsed  since  the  beginning  of  the 
work,  procured  a  large  amount  of  valuable  information  regarding 
run-off  and  precipitation  in  New  York  state. 

The  isohyetal  map  of  the  state  of  New  York  referred  to  by 
Mr.  McCulloh,  and  published  in  several  of  the  reports  of  the 
Commission,  shows  in  a  very  striking  manner  the  great  variation 
in  precipitation,  and  therefore  in  run-off,  in  the  different  portions 
of  the  state.  The  interesting  fact  is  also  brought  out  that  in 
general  precipitation  increases  in  amount  with  increase  in  alti- 
tude. This  is  in  accord  with  the  results  of  investigations  made 
by  the  speaker  upon  several  riversjn  New  England  which  head  in 
the  White  Mountains,  in  New  Hampshire,  and  the  Green  Moun- 
tain Range,  in  Vermont,  and  western  Massachusetts. 

It  is  to  be  hoped  that  the  work  of  this  Commission  can  go 
on  for  a  sufficient  length  of  time  to  get  data  of  run-off  over  such 
a  term  of  years  that  definite  and  complete  information  may  be  at 
hand  covering  the  more  important  streams  of  the  state.  The 
present  arrangement  as  described  by  Mr.  McCulloh,  whereby 
the  United  States  Geological  Survey  carries  on  the  work  under 
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the  general  direction  of  the  State  Water  Supply  Commission, 
seems  an  admirable  one,  in  that  the  state  secures  the  services  of  a 
trained  corps  of  assistants  for  this  work  and  at  the  same  time 
the  national  government  shares  the  expense. 

The  speaker  has  made  a  somewhat  hasty  comparison  of  the 
storage  reservoirs  as  proposed  by  the  New  York  State  Water 
Supply  Commission  with  some  of  the  existing  storage  reservoirs 
here  in  New  England,  and  following  is  this  comparison  in  con- 
densed form. 


Outline    of   Water    Storage    Projects    as    Proposed    by    New    York 
State  Water  Supply  Commission. 


Drainage 
Area. 
Square 
Miles. 

Annual 
Precipi- 
tation. 
Inches. 

Annual 
Run-off. 
Inches. 

.Storage. 

Total 
Cost. 

River. 

Billion 
Cu.Ft. 

Inches  Depth 

on  Drainage 

Area. 

Cost  per 
Million 
Cu.Ft. 

Sacandaga  .  .  . 

Schroon 

Genesee 

Raquette 

I  050 

514 
948 
686 

48 
38 
36 

45 

26 

23 

15 

Probably 

25 

29 
16 
18 
15 

II.9 

13-3 
8.1 

9-4 

$4  650  OOO 

2  OOO  OOO 

4  518000 

2  69O  OOO 

$160 

125 
250 
180 

Outline  of  Storage  Reservoirs  in  New  England  as  Now  in  Use. 
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Kennebec  (Moosehead  Lake)    

Penobscot  (above  Millinocket) 

Androscoggin  (above  Errol,  N.  H.) .  .  . 

Lake  Winnepesaukee 

Sunapee  Lake  (N.  H.) 

Presumpscot    River    (above     Sebago 
Lake) 


1  240 

1  880 

1095 

360 


436 


47 
40  = 
36  = 
43 
40  = 

45 


24 
23 
23  = 
21 
22 

23 


25 

31* 

30 

8 

i-5 

13-3 


7-i 
11.8 

9.6 
14.0 

131 


*  It  is  contemplated  to  increase  storage  to  about  40  billion  cu.  ft.,  or  9.2 
in.  on  1  880  sq.  miles. 


In  comparing  the  above  tables,  it  should  be  kept  in  mind  that 
the  reservoirs  in  New  England  consist  in  nearly  all  cases  of 
natural  lakes  which  have  been  raised  in  water  level  by  the  con- 
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struction  of  dams  at  their  outlets.  No  data  are  available  regard- 
ing the  cost  of  these  reservoirs  in  New  England,  but  presumably 
the  cost  is  very  much  less  per  million  cubic  feet  of  capacity  than 
the  figures  estimated  for  the  reservoir  sites  in  New  York  state. 

Then,  too,  in  the  case  of  the  Sacandaga  and  Genesee  rivers 
a  power  development  is  planned  in  connection  with  the  dams 
used  for  storage,  and  some  portion  of  the  cost  as  above  given 
can  fairly  be  charged  to  power  development  when  construction 
is  undertaken. 

To  ascertain  the  relative  amount  of  storage  development  at 
these  different  reservoir  sites,  the  speaker  has  prepared  the 
following  table  in  which  the  ratio  of  storage  capacity  to  the 
average  run-off  and  to  the  average  precipitation  at  the  point  in 
question  has  been  computed. 

Ratio  of  Storage  Capacity  of  Reservoirs  to  Average  Run-Off  and 

Precipitation. 

P      .     Storage  Capacity       tj    f  •     Storage  Capacity 
Storage  Reservoir.  Av.  Run-off.  Av.  Precipitation. 

Sacandaga 0.46  0.25 

Schroon 0.58  0.35 

Genesee 0.54  0.23 

Raquette 0.37  0.21 

Kennebec 0.37  0.19 

Penobscot    0.31  0.18 

(0.40)  (0.23)  (as  contemplated) 

Androscoggin      0.51  0.33 

Lake  Winnepesaukee 0.46  0.22 

Lake  Sunapee 0.63  0.35 

Presumpscot 0.57  0.29 

The  reservoir  sites  on  the  Sacandaga,  Schroon  and  Genesee 
rivers  may  be  said  to  represent  fairly  well  the  extent  to  which 
storage  is  usually  practicable  on  large  rivers  under  favorable 
conditions,  here  in  the  East,  and  it  will  be  noted  that  these  three 
reservoir  sites  are  developed  to  a  capacity  of  about  0.55  of  the 
average  yearly  run-off,  or  about  0.28  of  the  amount  of  the  average 
yearly  precipitation.  Even  with  this  amount  of  storage  develop- 
ment, there  will  be  more  or  less  waste  of  water  in  the  wetter  years. 

It  is  likely  that  the  rivers  such  as  the  Kennebec,  Penobscot 
and  Androscoggin  will  be  still  further  developed  in  respect  to 
storage  capacity.  Of  course  the  presence  or  absence  of  good 
reservoir  sites  has  much  to  do  with  the  extent  of  storage  develop- 
ment. On  the  smaller  drainage  areas,  of  which  Lake  Winnepe- 
saukee, Lake   Sunapee   and   the   Presumpscot   River  are  good 
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examples,  even  higher  degrees  of  storage  development  are  war- 
ranted, if  in  such  situations  storage  capacity  can  be  obtained  at 
low  expense,  and  in  some  cases  it  is  entirely  practicable  to  develop 
a  storage  capacity  sufficient  to  hold  the  entire  average  yearly 
run-off. 

In  closing,  the  speaker  wishes  to  say  a  word  of  commenda- 
tion of  the  high  character  of  the  engineering  and  scientific  work 
that  has  been  carried  on  by  the  State  Water  Supply  Commission 
of  New  York  under  the  direction  of  Mr.  McCulloh.  The  reports 
of  this  Commission  are  among  the  most  valuable  relating  to 
hydrology,  and  the  investigation  of  water  resources  of  any  that 
have  been  issued  either  by  the  national  government  or  by  the 
states,  and  the  data  given  therein  are  of  great  general  value, 
in  addition  to  providing  a  sound  basis  for  legislation  and  action 
toward  the  development  of  the  Water  resources  of  the  state. 
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Boston  Society  of  Civil  Engineers. 


Sterling,  Mass.,  June  21,  1911. — A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  the  Sterling  Inn,  Sterling,  Mass.,  at  the 
close  of  the  dinner  served  in  connection  with  the  excursion  to  the  various 
works  of  the  Metropolitan  Water  Works,  and  was  called  to  order  by  the 
President,  Charles  T.  Main,  at  3.15  o'clock  p.m.  Thirty-five  members  and 
visitors  present. 

It  was  voted  to  dispense  with  the  reading  of  the  record  of  the  last  meet- 
ing and  to  approve  the  same  as  printed  in  the  June  Bulletin. 

The  Secretary  reported  for  the  Board  of  Government  that  it  had  elected 
the  following  to  membership  in  the  grades  named: 

Members  —  Messrs.  Burtis  S.  Brown,  Henry  W.  Durham  and  Edward 
C.  Sherman. 

Associates  —  Messrs.  Thomas  H.  Keenan  and  John  M.  Keyes. 

Junior  —  Mr.  George  W.  Lewis. 

No  further  business  coming  before  the  Society,  on  motion  duly  made  and 
seconded,  at  3.19  o'clock  it  was  voted  to  adjourn. 

S.  E.  Tinkham,  Secretary. 
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Montana  Society  of  Engineers. 


Butte,  Mont.,  May  13,  191 1.  —  The  meeting  for  the  current  month  -was 
held  at  the  appointed  place  and  time,  Vice-President  Robt.  A.  McArthur  in  the 
chair.  The  Secretary  read  the  minutes  of  the  previous  meeting  and  no  cor- 
rections were  made.  Jonathan  Sewell  and  Howard  E.  Brillhart  were  elected 
to  active  membership  in  the  Society.  Mr.  Packard  called  the  attention  of  the 
members  present  to  the  inconsistencies  along  the  line  of  the  location  of  mining 
claims.  Messrs.  McArthur,  McMahon  and  Simons  discussed  the  subject  at 
issue,  and  the  matter  was  deferred  until  the  September  meeting.  The  Society 
then  adjourned  to  meet  the  second  Saturday  of  September. 

Clinton  H.  Moore,  Secretary. 
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PROCEEDINGS. 
Engineers'  Club  of  St.  Louis. 

St.  Louis,  May  17,  191 1.  —  The  705th  meeting  of  the  Engineers'  Club 
of  St.  Louis  was  held  at  the  Club  Rooms,  3817  Olive  Street,  on  Wednesday, 
May  17,  1911,  at  8.15  P.M.,  Vice-President  Hunter  presiding.  There  were 
present  28  members  and  9  guests. 

The  minutes  of  the  704th  meeting  were  read  and  approved. 

Mr.  J.  D.  Robertson  was  elected  to  membership. 

The  report  of  the  Joint  Council  was  read,  recommending  that  the  St. 
Louis  Section  of  the  American  Society  of  Engineering  Contractors  be  affili- 
ated with  the  Club  on  the  same  basis  as  the  other  national  societies. 

Mr.  Schuyler  moved  that  the  American  Society  of  Engineering  Con- 
tractors, St.  Louis  Section,  be  accepted  by  the  Club  for  affiliation.  Motion 
duly  seconded  and  unanimously  carried. 

A  letter  from  the  American  Institute  of  Electrical  Engineers,  St.  Louis 
Section,  asking  the  Club  to  pass  certain  resolutions  favoring  the  establishment 
by  Congress  of  a  permanent  commission  of  supervision  of  patents,  was  read. 
On  motion  of  Mr.  Wall,  the  matter  was  referred  to  the  Executive  Committee 
to  report  back  to  the  Club. 

Mr.  C.  L.  Hawkins,  engineer  of  the  Track  Department  of  the  United 
Railways,  presented  an  illustrated  paper  on  the  "  Sand  Drying  Plant  of  the 
United  Railways  Company."  Mr.  Hawkins  described  the  construction  and 
operation  of  the  plant,  giving  cost  items  for  each. 

Adjourned,  9.45  p.m. 

W.  W.  Horner,  Secretary. 


Boston  Society  of  Civil  Engineers. 


Boston,  September  20,  191 1. —  A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at 
7.50  o'clock  p.m.,  President  Charles  T.  Main  in  the  chair.  Seventy-eight 
members  and  visitors  present. 
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It  was  voted  to  dispense  with  the  reading  of  the  record  of  the  June 
meeting  and  to  approve  the  same  as  printed  in  the  September  Bulletin. 

The  Secretary  reported  for  the  Board  of  Government  that  it  had  elected 
Mr.  Byron  Adams  Robinson  a  member  of  the  Society. 

The  Secretary  also  reported  that  the  Board  of  Government  had  ap- 
pointed the  following  committee  to  recommend  the  award  of  the  Desmond 
FitzGerald  Medal  for  the  best  paper  published  by  the  Society  during  the  year 
ending  with  the  month  of  September,  191 1,  Messrs.  Desmond  FitzGerald, 
Harold  K.  Barrows  and  Chester  J.  Hogue. 

The  Secretary  announced  the  death  of  Mr.  George  C.  Dunne,  an  asso- 
ciate of  the  Society,  whose  death  occurred  on  May  23,  191 1,  and  by  vote  the 
President  was  requested  to  appoint  a  committee  to  prepare  a  memoir.  The 
President  appointed  as  that  committee,  Mr.  Frank  A.  Barbour. 

On  motion  of  Mr.  Gow,  the  thanks  of  the  Society  were  voted  to  Lieut. - 
Col.  C.  B.  Wheeler,  commanding  officer  at  the  Watertown  Arsenal;  to  Captain 
Shinkel  and  to  Mr.  H.  D.  Whittemore,  for  courtesies. extended  to  members  of 
the  Society  during  the  excursion  this  afternoon. 

Mr.  T.  Howard  Barnes  read  a  short  paper  on  "  Pile  Protection  " 
which  was  illustrated  by  lantern  slides. 

Mr.  J.  W.  Rollins  described  the  condition  of  the  foundation  under  one 
of  the  piers  of  the  bridge  at  Fall  River  where  the  teredo  had  eaten  the  piles 
and  grillage  so  badly  that  the  pier  had  sunk  and  rendered  the  bridge  unsafe. 
Mr.  F.  W.  Hodgdon  spoke  of  the  work  of  the  teredo  and  the  limnoria  in  Boston 
Harbor  and  showed  specimens  of  their  work. 

Mr.  Barnes  then  gave  an  informal  talk  on  "  Guatemala  and  Her  People 
from  a  Wayfarer's  Point  of  View,"  which  he  illustrated  with  a  large  number  of 
lantern  slides. 


Adjourned. 


S.  E.  Tinkham,  Secretary. 


Civil  Engineers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  October  9,  191 1.  —  The  6th  regular  meeting  of  the 
year  was  called  to  order  at  8.30  o'clock  P.M.  in  the  Society's  quarters  in  the 
Old  State  Capitol  Building,  by  President  L.  P.  Wolff.  There  were  present 
12  members. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  resignation  of  Mr.  H.  Fernstrom  was  read  and  accepted,  to  be 
effective  December  31,   191 1. 

A  communication  was  read  from  the  Organizing  Committee  of  the  Sixth 
Congress  of  the  International  Association  for  Testing  Materials,  inviting 
this  Society  to  send  a  representative  to  the  Sixth  Congress  of  that  Association, 
to  be  held  in  the  Engineering  Society's  Building,  29  West  Thirty-Ninth  Street, 
New  York  City,  beginning  September  3,  1912.  On  motion  carried,  the  Secre- 
tary was  directed  to  advise  said  Congress  that  this  Society  would  be  very- 
glad  to  send  a  delegate,  as  requested. 

Mr.  J.  D.  DuShane  invited  the  members  of  the  Society  to  come  to 
Hastings,  Minn.,  and  inspect  the  workings  of  the  new  hydraulic  dredge, 
which  invitation  was  accepted  with  thanks  by  the  Society.     A  committee 
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consisting  of  Messrs.  Wolff  and  Armstrong  were  delegated  to  provide  auto- 
mobiles, and  the  Secretary  was  directed  to  advise  all  members  with  reference 
to  the  invitation  and  requesting  all  who  found  it  possible  to  attend  to  meet 
at  the  Old  Capitol  at  10  a.m.  Friday,  October  13,  191 1.  Luncheon  and  re- 
freshments will  be  provided  on  the  boat  at  Hastings. 
Meeting  adjourned  by  mutual  consent  at  9.40  p.m. 

D.  F.  Jurgensen.  Secretary. 
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Engineers'  Club  of  St.  Louis. 


St.  Louis,  September  20,  1911.  —  The  706th  meeting  of  the  Engineers' 
Club  of  St.  Louis  was  held  at  the  Club  rooms,  3817  Olive  Street,  on  Wednesday, 
September  20,  at  8.15  p.m.,  President  Von  Maur  presiding. 

The  meeting  was  a  special  Ladies'  Night.  The  total  attendance  was  1 10, 
of  whom  about  38  were  ladies. 

The  Secretary  read  a  letter  from  Mr.  Otto  Karbe,  chairman  of  the  Free 
Bridge  Committee,  requesting  that  the  Club  appoint  a  special  committee  to 
investigate  the  relative  merits  of  the  approach  as  proposed  and  that  advocated 
by  Mr.  F.  G.  Gerhart,  or  to  recommend  as  they  see  fit.  Mr.  Dodds  moved 
that  the  President  appoint  a  committee  to  report  on  the  matter  either  to  the 
Club  or  to  the  general  committee.  Motion  seconded  and  carried.  The 
President  subsequently  appointed  the  following  committee:  Dr.  C.  M.  Wood- 
ward, chairman;  Mr.  M.  L.  Holman,  Mr.  E.  J.  Spencer,  Mr.  B.  L.  Brown, 
Mr.  O.  W.  Childs. 

Mr.  Hiram  Phillips  presented  a  paper  on  "  The  Colorado  Springs  Water- 
works," which  was  illustrated  with  a  large  number  of  colored  lantern  slides. 

After  the  paper  the  meeting  adjourned  to  the  reading-room,  where  elab- 
orate refreshments  were  provided. 

Adjourned  at  11  p.m. 

W.  W.  Horner,  Secretary. 


St.  Louis,  October  4,  1911.  —  The  707th  meeting  of  the  Engineers' 
Club  of  St.  Louis  was  held  at  the  Club  rooms,  3817  Olive  Street,  on  Wednes- 
day, October  4,  191 1,  at  8.15  P.M.,  President  Von  Maur  presiding.  There 
were  present  62  members  and  visitors. 

The  minutes  of  the  706th  meeting  of  the  Club  were  read  and  approved, 
and  the  minutes  of  the  496th,  497th,  498th,  499th  and  500th  meetings  of  the 
Executive  Committee  were  read. 

The  Treasurer  gave  the  following  report: 
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Engineers'  Club  Statement,  October  i,  191 1. 

General  Fund $1  914.25 

Fund 307.16 

Library  Fund $40.96 

$2  221.41  40.96 

Balance $2  180.45 

Accounts: 

Bank  Commerce $39.42 

Mercantile  Trust  Company 1  428.86 

St.  Louis  Union  Trust  Company 712.17 

$2  180.45 

Delinquent  dues,  October  I,  191 1 $550.00 

Collections,  191 1 $3  066.80 

W.  E.  Rolfe,  Treasurer. 

The  following  gentlemen  were  elected  to  membership: 

For  membership  —  J.  E.  Allison,  F.  A.  Berger,  Ludwig  Gutman,  J.  B. 
Dean,  C.  H.  Miller. 

For  associate  membership  —  Robert  Sieger,  R.  D.  E.  Claxton. 

The  application  for  membership  of  E.  H.  Abadie  was  read. 

Mr.  A.  S.  Langsdorf  moved  that  the  President  be  authorized  to  appoint 
a  committee  to  consider  the  patent  laws.     Motion  seconded  and  carried. 

Mr.  C.  W.  Martin,  engineer  of  the  Bridge  Division  of  the  Street  Depart- 
ment, presented  the  paper  of  the  evening,  on  "  Methods  of  Reinforced  Con- 
crete Design." 

Adjourned. 

W.  W.  Horner,  Secretary. 


St.  Louis,  October  18,  1911. — The  708th  meeting  of  the  Engineers' 
Club  of  St.  Louis  was  held  at  the  Club  rooms,  3817  Olive  Street,  on  Wednes- 
day evening,  October  18,  191 1,  at  8.30. 

This  meeting  was  a  joint  meeting  with  the  St.  Louis  Section  of  the 
A.  I.  E.  E.  Mr.  G.  W.  Lamke,  chairman  of  the  local  section  A.  I.  E.  E.,  pre- 
sided. The  total  attendance  was  39,  of  whom  12  were  members  of  the  Club, 
10  of  the  A.  I.  E.  E.,  6  of  both,  and  11  were  guests. 

The  following-named  gentlemen  were  proposed  for  membership  in  the 
Club: 

As  members  —  S.  K.  Smith,  C.  A.  Hobein,  Jr.,  F.  J.  Bullivant,  C.  S. 
Goldsmith,  Thos.  Knobel,  R.  B.  Brooks,  J.  C.  Higdon. 

As  junior  —  J.  A.  Stifelman. 

All  other  business  was  suspended. 

Mr.  J.  L.  Carlisle,  of  the  Maloney  Electric  Company,  presented  a  paper 
on  "  A  Comparison  of  Types  of  Transformers."  The  paper  was  illustrated 
with  lantern  slides,  and  several  transformers,  one  in  various  stages  of  con- 
struction, were  shown. 

Adjourned  10.15  P-M- 

W.  W.  Horner,  Secretary. 
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Engineers'  Club  of  St.  Louis. 


St.  Louis,  November  i,  1911.  —  The  709th  meeting  of  the  Engineers' 
Club  of  St.  Louis  was  held  at  the  Club  Rooms,  3817  Olive  Street,  on  Wednes- 
day, November  1,  191 1,  at  8.15  p.m.,  President  Von  Maur  presiding.  There 
were  present  34  members  and  12  visitors. 

The  minutes  of  the  707th  and  708th  meetings  were  read  and  approved, 
and  the  minutes  of  the  501st  and  502d  meetings  of  the  Executive  Committee 
were  read. 

The  following  gentlemen  were  elected  to  membership: 

Members  —  R.  B.  Brooks,  C.  S.  Goldsmith,  J.  C.  Higdon,  F.  J.  Bullivant, 
C.  A.  Hobein,  Jr.,  E.  H.  Abadie,  S.  K.  Smith. 

Junior  Member  —  J.  A.  Stiffelman. 

The  names  of  the  following  were  proposed  for  membership: 

F.  R.  Mott,  C.  H.  Quackenbush,  G.  S.  Bergendahl,  C.  S.  Ruffner,  N.  A. 
Melick. 

It  was  moved  by  Mr.  Woermann,  seconded  and  carried,  that  the  Club 
approve  the  action  of  the  Executive  Committee  in  accepting  and  forwarding 
the  report  of  the  Committee  appointed  to  investigate  the  East  Side  Approaches 
to  the  Municipal  Bridge. 

The  following  committee  was  elected  to  nominate  officers  for  1912: 

E.  L.  Ohle,  chairman;  L.  C.  F.  Metzger,  W.  C.  Zelle,  F.  T.  Adler,  John 
Hunter. 

Mr.  Langsdorf  moved  that  the  date  of  the  annual  banquet  be  set  for 
December  15,  and  that  the  price  per  plate  should  not  exceed  three  dollars,  as 
recommended  by  the  Executive  Committee.     Motion  seconded  and  carried. 

Mr.  A.  C.  Janni,  engineer  in  the  Bridge  Division  of  the  Street  Department, 
presented  a  paper  on  "  The  Kingshighway  Viaduct."  This  paper  contained 
a  description  of  both  design  and  construction  methods,  and  was  illustrated 
with  lantern  slides. 

Adjourned. 

W.  W.  Horner,  Secretary. 
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St.  Louis,  November  15,  191 1.  —  The  710th  meeting  of  the  Engineers' 
Club  was  held  at  the  Club  rooms,  3817  Olive  Street,  on  Wednesday,  November 
15,  1911,  at  8.15  P.M.,  President  Von  Maur  presiding.  There  were  present 
40  members  and  21  visitors. 

The  minutes  of  the  709th  meeting  of  the  Club  were  read  and  approved, 
and  the  minutes  of  the  503d  meeting  of  the  Executive  Committee  were  read. 

The  following  gentlemen  were  elected  to  membership:  C.  S.  Ruffner, 
N.  A.  Melick,  C.  H.  Quackenbush,  C.  S.  Bergendahl. 

The  following  gentlemen  were  proposed  for  membership:  C.  L.  Holman, 
Wm.  S.  Merkle,  O.  F.  Huch,  R.  T.  Toensfeldt,  F.  N.  Jewett,  Wm.  F.  Gradolph, 
J.  W.  Himmelsbach,  C.  L.  Orth,  Edw.  Gray,  J.  H.  Boughton,  A.  B.  Johnson, 
C.  H.  Specht,  Anthony  Neumayer. 

The  Nominating  Committee  presented  the  following  report: 

To  the  Members  of  the  Engineers'  Club  of  St.  Louis:  Gentlemen,  —  As 
your  Nominating  Committee,  we  beg  leave  to  nominate  the  following  mem- 
bers of  the  Engineers'  Club  of  St.  Louis,  to  fill  the  respective  offices  for  the 
ensuing  year: 

For  President  —  A.  S.  Langsdorf . 
For  First  Vice-President  —  John  Hunter. 
For  Second  Vice-President  —  H.  H.  Humphrey. 
For  Secretary  —  W.  W.  Horner. 
For  Treasurer  —  W.  E.  Rolfe. 
For  Librarian  —  E.  O.  Sweetser. 
For  Directors  —  E.  L.  Ohle  and  Hans  Toensfeldt. 

For  members  of  the  Board  of  Managers  of  the  Engineering  Societies  — 
W.  S.  Henry,  Baxter  Brown,  H.  A.  Wheeler. 

Respectfully  submitted, 

(Signed)  E.  L.  Ohle,  Chairman. 
L.  C.  F.  Metzger. 
John  Hunter. 
Wm.  C.  Zelle. 
F.  T.  Adlen. 

Mr.   F.   N.   Speller,  chief  metallurgical  engineer  of  the  National  Tube 

Company,   presented  a  short   paper,  followed  by  a  talk  illustrated  with  a 

remarkable  collection  of  slides,  on  "  The  Development  of  the  Modern  Tube 

Industry."     The  paper  gave  rise  to  considerable  discussion,  in  which  Messrs. 

Von  Maur,  Mitchell,  Woermann,  Hunter  and  McArthur  participated.     Mr. 

Fish  moved  a  vote  of  thanks  to  Mr.  Speller,  which  was  carried  unanimously. 

Adjourned. 

W.  W.  Horner,  Secretary. 


Boston  Society  of  Civil  Engineers. 


Boston,  Mass.,  October  18,  1911.  —  A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  this  evening  at  Chipman  Hall,  Tremont 
Temple,  at  7.50  o'clock  p.m.,  President  Charles  T.  Main  in  the  chair. 

The  members  of  the  American  Society  of  Mechanical  Engineers  and  of  the 
Boston  Section  of  the  American  Institute  of  Electrical  Engineers  joined  in  this 
meeting,  the  attendance  being  180. 

It  was  voted  to  dispense  with  the  reading  of  the  record  of  the  September 
meeting  and  to  approve  the  same  as  printed  in  the  October  Bulletin. 
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The  Secretary  reported  for  the  Board  of  Government  that  it  had  elected 
the  following  to  membership  in  the  grades  named: 

Members  —  Messrs.  Cornelius  Beard  and  Frank  F.  Jonsberg. 

Juniors  —  Messrs.  Charles  A.  Campbell  and  George  E.  Chamberlin. 

The  Secretary  also  presented  for  the  Board  the  following  vote:  Voted, 
"That  the  Board  of  Government  recommend  to  the  Society  at  its  meeting  of 
this  evening,  that  a  committee  of  three  from  the  Society  be  appointed  by  the 
President  to  consider  the  report  of  the  Committee  on  Fire  Prevention  of  the 
Boston  Chamber  of  Commerce  and  to  report  in  print  with  the  notice  of  the 
November  meeting  of  the  Society  recommending  action  on  the  suggested  en- 
dorsement of  that  report  for  discussion  at  that  meeting  as  provided  by  the 
Constitution,  and  that  November  15,  191 1,  is  thereby  designated  by  the  Board 
as  the  date  for  such  discussion." 

The  report  was  accepted  and  the  recommendation  adopted. 

The  President  has  appointed  as  this  committee,  Messrs.  Henry  F.  Bryant, 
Frank  A.  Mclnnes  and  Harrison  P.  Eddy. 

The  Secretary  announced  the  death  of  Edward  W.  Hadcock,  a  member 
of  the  Society,  which  occurred  on  October  10,  191 1,  and  by  vote  the  President 
was  requested  to  appoint  a  committee  to  prepare  a  memoir.  The  President 
appointed  as  that  committee  Mr.  Frank  W.  Hodgdon. 

The  President  then  introduced  Mr.  Charles  Robinson,  who  read  the  paper 
of  the  evening  which  had  been  prepared  by  Mr.  Fred  A.  Wallace,  engineer  of 
the  Pacific  Mills  of  Lawrence,  entitled  "  Power  System  of  the  Pacific  Mills, 
Methods  and  Rules  for,  and  Cost  of  Operation."  The  paper  was  fully  illus- 
trated by  lantern  slides. 

In  the  discussion  which  followed  the  reading  of  the  paper,  members  of  the 
American  Institute  of  Electrical  Engineers  and  of  the  American  Society  of 
Mechanical  Engineers  took  a  prominent  part. 

After  passing  a  vote  of  thanks  to  Mr.  Wallace,  the  author  of  the  paper,  and 
to  Mr.  Robinson  who  read  the  paper,  the  Society  adjourned. 

S.  E.  Tinkham,  Secretary. 


Boston,  Mass.,  November  15,  1911.  —  A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  this  evening  at  Chipman  Hall,  Tremont 
Temple,  at  7.50  o'clock  p.m.,  President  Charles  T.  Main  in  the  chair;  154 
members  and  visitors  present. 

It  was  voted  to  dispense  with  the  reading  of  the  record  of  the  October 
meeting  and  to  approve  the  same  as  printed  in  the  November  Bulletin. 

The  Secretary  reported  for  the  Board  of  Government  that  it  had  elected 
the  following  to  membership  in  the  grade  of  member:  Messrs.  Walter  H. 
Bacon,  Henry  A.  Herrick,  Arthur  Howland,  William  F.  Uhl  and  Mason  T. 
Whiting. 

The  President  stated  that  the  business  before  the  meeting  was  to  act  upon 
a  report  of  the  committee  appointed  at  the  last  meeting  to  recommend  action 
on  the  suggested  endorsement  of  the  report  of  the  Committee  on  Fire  Preven- 
tion of  the  Boston  Chamber  of  Commerce.  The  report  was  printed  with  the 
notice  of  this  meeting. 

Mr.  Bryant  moved  the  adoption  of  the  vote  submitted  in  the  report, 
namely,  That  the  Boston  Society  of  Civil  Engineers  hereby  endorse  the 
general  recommendations  printed  on  pages  7  and  8  of  the  report  of  the  Com- 
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mittee  on  Fire  Prevention  of  the  Boston  Chamber  of  Commerce  under  date 
of  September,  191 1. 

The  vote  was  adopted,  only  one  member  voting  in  the  negative. 

The  President  announced  that  under  the  Constitution  of  the  Society  the 
vote  must  now  be  submitted  to  a  letter  ballot. 

The  meeting  was  then  turned  over  to  the  American  Society  of  Mechanical 
Engineers,  Prof.  E.  F.  Miller  in  the  chair,  who  introduced  Prof.  Charles  L. 
Norton,  of  the  Massachusetts  Institute  of  Technology.  Professor  Norton  read 
an  exceedingly  interesting  paper  entitled,  "  Some  Refractory  Substitutes  for 
Wood."  The  paper  was  illustrated  by  lantern  slides  and  was  discussed  by 
members  of  both  the  Mechanical  and  Electrical  Engineers'  societies  as  well 
as  by  members  of  this  Society. 

S.  E.  Tinkham,  Secretary. 


Sanitary  Section, 


The  regular  December  meeting  of  the  Sanitary  Section  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  the  Boston  City  Club,  December  6, 
191 1,  at  7.30  o'clock  p.m.,  with  Mr.  George  A.  Carpenter  in  the  chair.  The 
meeting  was  preceded  by  the  usual  dinner  at  6  p.m.  There  were  34  members 
and  guests  present  at  the  dinner,  and  about  43  at  the  discussion. 

Messrs.  George  C.  Whipple,  J.  A.  Lockhart  and  Clarence  W.  Rolfe  were 
enrolled  as  members  of  the  Sanitary  Section. 

Mr.  L.  K.  Rourke.  Commissioner  of  Public  Works,  City  of  Boston,  gave 
an  interesting  talk  with  special  reference  to  the  sanitary  work  in  the  Canal 
Zone  at  Panama.  Mr.  Rourke's  talk  was  illustrated  with  lantern  slides 
descriptive  of  both  the  sanitation  and  general  work  at  Panama. 

This  was  followed  by  a  paper  on  the  "  Sanitation  of  Construction  Camps 
along  the  Catskill  Aqueduct  "  by  Mr.  A.  J.  Provost,  Jr.,  of  the  firm  of  Lederle 
&  Provost,  of  New  York  City,  which  was  also  illustrated  with  slides. 

Mr.  W.  W.  Locke,  sanitary  inspector  of  the  Metropolitan  Water  Works, 
read  a  short  paper  on  the  "  Sanitation  of  the  Contractors'  Camps  in  the 
Wachusett  Basin  "  and  on  the  inspection  carried  on  in  the  watersheds  of  the 
Metropolitan  Water  Supply. 

Additional  facts  were  given  by  Mr.  Hiram  A.  Miller,  and  Mr.  Edmund 
M.  Blake  and  others  entered  into  the  discussion. 

A  vote  of  thanks  was  extended  to  Messrs.  Rourke,  Provost  and  Locke, 
and  the  meeting  adjourned  at  9.45  p.m. 

Edward  Wright,  Jr.,  Clerk  pro  tern. 


Civil  Engineers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  November  13,  1911.  —  The  seventh  regular  meeting 
of  the  year  was  called  to  order  at  8.30  p.m.  in  the  Society's  quarters  in  the  Old 
State  Capitol  Building,  by  President  L.  P.  Wolff.  There  were  present  20 
members  and  7  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

It  was  regularly  moved  and  carried  that  a  vote  of  thanks  be  extended  to 
Mr.  J.  D.  DuShane.  and  the  Entertainment  Committee,  for  the  enjoyable 
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and  educational  trip  which  was  taken  to  Hastings,  Minn.,  on  October  13, 
191 1,  to  inspect  the  hydraulic  dredge  in  operation  at  that  point. 

A  communication  was  read  from  the  American  Road  Builders  Association, 
inviting  the  Society  to  send  a  representation  to  the  eighth  annual  convention 
of  the  American  Road  Builders  Association,  to  be  held  at  Rochester,  N.  Y., 
on  November  14-17,  191 1.  On  account  of  the  letter  not  reaching  the  Secre- 
tary in  sufficient  time  to  notify  the  Society,  no  action  could  be  taken,  and  the 
Secretary  was  directed  to  acknowledge  and  thank  the  Association  for  the 
invitation. 

The  petition  of  L.  G.  Couter,  junior  member,  for  advancement  to  full 
membership  was  read  and  granted.  Applications  of  Parker  Simons,  W.  E. 
King,  J.  C.  Utton  and  Donald  B.  Fegles,  for  full  membership  into  the  Society, 
were  read.  On  motion  carried,  the  Secretary  was  directed  to  cast  the  ballot 
electing  the  applicants  as  petitioned.     They  were  declared  elected. 

A  general  discussion,  lead  by  Mr.  J.  H.  Armstrong,  was  then  participated 
in,  on  "  Municipal  Pavements  and  Macadams,"  which  engaged  the  meeting 
until  10  o'clock  p.m.,  when  adjournment  was  taken  by  mutual  consent. 

D.  F.  Jurgensen,  Secretary. 


St.  Paul,  Minn.,  December  ii,  1911.  —  The  eighth  and  last  regular 
meeting  of  the  year  was  called  to  order  at  8.30  P.M.,  in  the  society's  quarters  in 
the  Old  State  Capitol  building,  by  Vice-President  J.  H.  Armstrong.  There  were 
seven  members  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  program  of  the  convention  of  the  American  Society  of  Mechanical 
Engineers,  held  in  New  York  City  during  the  week  of  December  4,  191 1,  was 
read  and  ordered  filed.  The  Secretary  was  directed  to  acknowledge  receipt 
and  thank  such  society  for  the  same. 

The  applications  of  William  G.  Hoyt  and  Stephen  B.  Soule  for  full  mem- 
bership into  the  society  were  read,  and,  on  motion,  carried.  The  Secretary 
was  directed  to  cast  a  ballot  of  the  Society  and  elect  the  applicants  as  peti- 
tioned.   They  were  declared  elected. 

It  was  decided  that  the  Society  would  have  the  customary  banquet  at 
the  conclusion  of  business  at  the  twenty-ninth  annual  meeting  of  the  Society, 
which  will  be  held  January  8,  1912.  Messrs.  Oscar  Claussen,  James  D.  Du- 
Shane  and  Oscar  Palmer  were  appointed  as  the  committee  to  make  all  arrange- 
ments for  the  banquet,  and  are  to  report  such  arrangement  to  the  governing 
board  of  the  Society  as  soon  as  possible,  for  authorization.  The  Secretary 
was  directed  to  extend  invitations  to  the  banquet  to  the  Hon.  H.  P.  Keller, 
Mayor  of  St.  Paul;  Andrew  Rinker,  City  Engineer,  Minneapolis,  Minn.;  to  the 
Governing  Board  of  the  Engineers'  Club  of  Minneapolis,  Dean  Francis  C. 
Shenehon,  of  the  College  of  Engineering,  University  of  Minnesota,  Minneapolis, 
Minn.;  Mr.  George  W.  Cooley,  Secretary-  State  Highway  Commission;  Major 
Francis  R.  Shunk,  Corps  of  Engineers,  U.  S.  A.,  and  Hon.  A.  O.  Eberhart, 
Governor  of  Minnesota. 

There  being  no  further  business,  the  meeting  adjourned. 

D.  F.  JuRGENSEN,  Secretary. 
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